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I.  Preface  & Acknowledgements 

The  Display  Forum  '97  Workshop  was  conceived  as  a means  of  collecting 
and  disseminating  information  on  the  display  industry.  Some  of  the  topics 
have  been  discussed  in  industry  standards  meetings  - the  purpose  of  this 
workshop  was  to  devote  time  to  explore  them  outside  the  normal  format  of  a 
standards  meeting,  and  to  invite  participation  from  outside  the  traditional 
standards  organizations.  The  topics  of  focus  were: 

• Today's  technology  and  fumre  trends 

• Current  standards  and  near-term  developments 

• Future  needs  (standards  and  technology) 

The  workshop  was  jointly  hosted  by  the  Information  Technology  Laboratory 
(ITL),  part  of  the  National  Instimte  of  Standards  and  Technology  (NIST), 
and  by  the  Video  Electronics  Standards  Association  (VESA).  NIST  has 
participated  in  the  display  standards  effort  at  VESA  since  January,  1994. 
VESA,  an  international  fast-track  industry  standards  organization  with  a 
primary  emphasis  on  display  technology,  was  established  in  1989,  and  was 
recently  approved  as  a Publicly  Acceptable  Submitter  (PAS)  under  the 
JTClOO  ANSI  establishment. 

The  morning  session  started  with  a keynote  address  and  overviews  of 
display  research,  development,  and  standardization  at  VESA  and  NIST.  Part 
of  the  morning  session  was  divided  into  two  parallel  tracks,  representing  the 
chief  areas  of  interest  of  the  majority  of  the  participants: 

• Track  I was  directed  toward  display  interfaces  and  display  interface 
standards,  together  with  related  technology  issues. 

• Track  II  covered  the  latest  developments  in  the  measurement  of  flat  panel 
(and  CRT)  displays. 

The  morning  session  consisted  of  presentations  by  members  of  the  display 
community.  Tours  of  the  display-related  laboratories  at  NIST  were  made 
available  at  lunchtime,  and  in  the  evening.  The  afternoon  session  started 
with  a keynote  address  on  the  current  state  of  the  technology  and  the  market, 
followed  by  a report  on  results  of  a survey  on  display  issues  conducted  for 
the  workshop.  A panel  discussion  followed,  giving  all  the  participants  an 
opportunity  to  pose  questions  for  discussion  and  for  answers  from  a number 


of  key  industry  experts.  An  open  "brainstorming"  session  produced  a set  of 
conclusions  and  goals  for  the  future.  After  closing  comments,  there  was  a 
reception,  and  company  exhibitors  demonstrated  their  products. 

We  would  like  to  thank  Carlos  Grinspon  of  the  Advanced  Technology 
Program  at  NIST  for  his  sponsorship  of  display-related  projects  within  ITL 
that  made  the  ITL  participation  in  this  workshop  possible;  the  ITL 
management  and  its  director.  Dr.  Shukri  Wakid,  for  support  of  this  work,  the 
assistance  of  Ed  Kelley  in  EEEL  in  organizing  the  measurement-related 
technical  session  and  lab  tours;  the  VESA  Board  of  Directors  and  Executive 
Director  for  their  support  of  the  workshop,  and  the  extensive  efforts  of 
organizers  Molly  Klupfell  and  Cathy  Egan  in  planning,  recruiting,  and 
logistics.  We  would  also  like  to  thank  the  many  speakers  and  panel  members 
who  contributed  their  time  and  knowledge  to  this  workshop,  and  the 
participants  who  attended. 


February  3,  1998 


Dear  Display  Forum  Attendee: 

VESA  STANDARDS  was  pleased  to  work  with  NIST,  in  hosting  Display  Forum  *97. 
held  on  October  20,  1997.  This  unique  forum,  whose  speakers  and  invited  guests 
presented  the  latest  information  and  developments  in  the  display  industry,  gave  us  a 
chance  to  offer  up-to-the-minute  information  to  our  members  and  other  interested 
participants  supporting  growth  and  development  of  the  best  technology  has  to  offer.  We 
would  like  to  sincerely  thank  everyone  who  participated,  and  the  industry  specialists  who 
presented. 

On  the  following  pages  you  will  find  a proceedings  package  which  contains  presentations 
and  summaries  from  the  workshop.  It  is  our  sincere  hope  that  the  information  presented 
will  be  utilized  by  many  of  you  in  the  industry  to  support  you  technology  efforts.  Our 
sincere  thanks  to  John  Roberts  of  NIST,  who  edited  these  proceedings  and  summarized 
presentations  for  easier  review. 

If  you  have  questions  about  the  contents  of  any  technical  material  presented,  please 
contact  John  Roberts  at  NIST.  His  email  address  is  roberts@cmr.ncsl.nist.gov  (alias 
roberts@nist.gov). 

For  information  about  current  and  future  standards  that  are  being  worked  on  at  VESA 
STANDARDS,  please  contact  Cathy  Egan  at  VESA.  Her  email  is  cegan@vesa.org. 

Again,  we  appreciate  your  interest  and  look  forward  to  continuing  our  association 
throughout  the  coming  year. 

PJ  Stegen 
Executive  Director 
VESA  STANDARDS 


II.  Summary 


[Note:  the  presentations  from  the  workshop  are  included  in  Sections  V-VIII. 
This  section  is  included  for  quick  reference,  and  to  cover  items  which  were 
discussed  but  which  did  not  appear  on  the  presentation  slides.] 

Morning  Session 


The  morning  Keynote  Speaker  was  Dr.  Shukri  Wakid,  Director  of  the 
Information  Technology  Laboratory  at  NIST.  His  keynote  address  covered 
selected  projects  ITL  is  undertaking,  and  the  importance  of  issues 
surrounding  this  work,  such  as  the  increasing  importance  of  information 
networks  and  the  Internet,  the  increasing  value  of  software,  ease  of  use  of 
the  user  interface,  and  computer  security.  Embedded  computing  is 
considered  to  be  a major  area  of  growth,  and  along  with  immersive  displays 
and  wearable  computers,  will  tax  the  capabilities  of  the  display  industry. 

PJ  Stegen,  the  Executive  Director  of  VESA,  emphasized  the  unique  role  of 
VESA  as  an  open  international  trade  organization  developing  standards  on 
video  displays  and  display  interfaces.  Ms.  Stegen  named  the  members  of  the 
Board  of  Directors,  and  explained  the  committee  structure  and  the  topics 
covered  by  the  committees.  She  described  the  current  standards  and 
discussed  standards  soon  to  be  released,  and  highhghted  VESA's  upcoming 
activities  and  events. 

Mike  Marentic  of  Hitachi,  Chairman  of  VESA's  Board  of  Directors  and  Flat 
Panel  Display  Interface  Committee  Chairman,  gave  a report  on  the  FPDI 
Committee.  FPDI  was  formed  as  a result  of  a NIST-hosted  workshop  similar 
in  nature  to  Display  Forum  '97.  The  Committee  has  concentrated  its  efforts 
on  the  connector  interface  for  integrated  environments,  such  as  notebook 
computers  (and  the  internal  interface  to  the  panel  in  a desktop  flat  panel 
monitor).  The  FPDI-1  and  FPDI- IB  standards  address  existing  designs, 
while  FPDI-2  is  directed  toward  future  designs.  In  parallel  with  the 
connector  interface  work,  the  VESA  Flat  Panel  Display  Measurement 
(FPDM)  Workgroup  under  Ed  Kelley  of  NIST  has  enlisted  the  cooperation 
of  key  companies,  of  the  National  Information  Display  Laboratory  (NIDL), 
and  of  other  standards  organizations  such  as  EIAJ  and  ISO,  to  put  together  a 
proposed  flat  panel  display  measurement  standard. 


Ian  Miller  of  IBM  reported  as  Chair  of  the  Plug  and  Display  (P&D) 
Committee.  This  committee  became  active  around  the  beginning  of  1997,  as 
a joint  effort  by  the  PTDI  and  Monitor  Committees.  The  P&D  standard 
addresses  displays  that  have  both  analog  and  digital  interfaces,  and 
concentrates  on  external  interfaces  such  as  desktop  monitors.  The  P&D 
standard  is  compatible  with  FPDI-2,  and  with  the  Monitor  Committee's  EVC 
standard.  The  Physical  Mounting  workgroup  under  Harry  Sweere  of 
Ergotron  has  developed  a mounting  specification  for  flat  panel  monitors. 

Bob  Myers  of  Hewlett-Packard,  former  Chair  of  the  Monitor  Committee, 
reported  on  monitor  standards  development  activities.  The  VESA  Monitor 
Committee  has  concentrated  on  monitors  with  primarily  analog  interface, 
but  also  addresses  issues  such  as  device  ID  and  control  that  affect  all  types 
of  displays.  The  charter  and  goals  cover  formats  and  timing,  interface  and 
control,  and  there  has  also  been  a standard  on  CRT  display  performance 
measurement.  The  Committee  has  long  been  known  in  industry  for  standards 
such  as  Display  Data  Channel  (DDC)  and  Extended  Display  Identification 
Data  (EDID),  and  for  its  many  monitor  timings  - other  VESA  Monitor 
standards  have  also  played  an  important  role  in  the  industry.  Recent  efforts 
include  development  of  the  Enhanced  Video  Connector  (EVC),  a high- 
performance  analog  video  interface  that  also  includes  USB/1394,  audio,  and 
stereoscopic  3D  among  other  features;  a Generalized  Timing  Formula 
(GTE);  the  Monitor  Control  Command  Set  (MCCS);  and  a standard  for 
stereoscopic  display  hardware.  The  Monitor  Committee  continues  to  sponsor 
"plug  tests"  (compatibility  test  meetings  that  include  seminar  briefings). 

John  Frederick  of  Compaq,  Chair  of  the  VESA  PC  Theatre  Committee, 
presented  a PC  Theatre  Committee  report.  The  PC  Theatre  concept 
encompasses  development  of  a home  entertainment  device  which  merges  the 
functions  of  multimedia  computing  and  television.  Using  the  VESA 
standards  plus  IEEE  1394  and  USB  as  resources,  the  Committee  aims  to 
develop  a useful  standard  which  will  allow  the  manufacture  of  compliant 
computing  and  display  components.  Once  the  standard  is  in  place,  the 
Committee  plans  a series  of  plug  tests  to  allow  manufacturers  to  check 
compatibility. 

Joel  DiGirolamo  of  Lexmark  reported  on  the  Home  Network  Committee. 

The  home  network  concept  provides  for  digital  automation  of  devices  in  the 
home,  connected  by  a network.  Devices  such  as  compact  disc  player  and  PC 
require  high  speed  communications,  while  other  devices  such  as  lamps  and 


water  heaters  can  get  by  with  lower  speed  communications.  Local  clusters 
can  use  IEEE  1394,  while  "backbone"  paths  will  require  modified  1394. 

John  Roberts  reported  on  the  Display  Interface  and  Technology  research 
within  the  Information  Technology  Laboratory  (ITL)  at  NIST.  The  charter  of 
the  project  is  to  conduct  laboratory  research  on  display  interfaces  and 
advanced  display  technology,  to  support  development  of  VESA  standards, 
and  to  develop  technology  for  measurement  of  electrical  signals,  timing,  etc. 
This  work  complements  the  display  programs  of  the  EEEL  and  Physics 
Laboratories  at  NIST.  Two  specific  projects  were  disclosed:  the  Resolution 
Mapping  Algorithm  project,  which  seeks  to  investigate  the  properties  of 
remapped  images  on  a flat  panel  or  other  fixed  pixel  display  through  the 
development  and  repeated  modification  of  a remapping  algorithm,  and  the 
Display  Interface/Technology  Testbed  project,  which  is  developing 
instrumentation  to  insert  "noise"  and  other  stimuli  into  the  signal  path  of  a 
display,  and  record  the  result  - this  technology  can  be  replicated  in  industry, 
to  determine  display  signal  tolerance  characteristics  and  enable  uniform 
signal  tolerance  specifications. 

Ed  Kelley  of  the  Electical  and  Electronics  Engineering  Laboratory  (EEEL) 
at  NIST  reported  on  the  metrology  work  of  his  Flat  Panel  Display 
Laboratory.  The  FPD  Laboratory  assists  industry  in  creating  standards  for 
display  measurements,  and  has  extensive  capability  to  develop  and  verify 
measurement  techniques.  Ed  described  the  benefits  of  the  proposed  VESA 
Flat  Panel  Display  Measurement  standard  - it  gives  clear  descriptions,  is 
metrologically  based;  it  offers  a "buffet"  of  measurements  of  various 
parameters,  and  of  varying  degrees  of  complexity  and  accuracy.  FPDM 
emphasizes  measurement  techniques,  not  compliance  requirements.  Ed  also 
noted  the  display  work  of  the  Optical  Technology  Division  of  the  Physics 
Laboratory  at  NIST,  which  maintains  national  standards  of  radiometry, 
photometry,  colorimetry,  and  other  metrology. 

Track  I 


Ian  Miller  of  IBM,  Chair  of  VESA's  Plug  and  Display  Committee,  gave  a 
detailed  description  of  the  features  of  the  new  Plug  and  Display  standard, 
including  the  multiple  features  and  the  options  available.  Features  presented 
include  both  high  bandwidth  analog  and  digital  video  interfaces, 
PanelLink(TM)  low-voltage  signals  on  the  digital  interface,  DDC/EDID 
device  ID,  auto  configuration,  and  hot  plugging.  Options  include  USB,  IEEE 


1394,  and  charge  power.  Two  connector  host  receptacles  are  defined,  one 
that  supports  both  analog  and  digital  signals  (P&D-A/D),  and  one  that 
supports  only  digital  video  interface  (P&D-D).  A monitor  plug,  compliant 
with  the  EVC  analog  video  standard  will  plug  into  both  the  EVC  receptacle 
and  the  P&D-D  receptacle,  but  not  the  P&D-D  receptacle.  A P&D  digital- 
only  monitor  plug  will  plug  into  a P&D-A/D  or  a P&D-D  receptacle,  but  not 
an  EVC  receptacle.  Together,  EVC  and  P&D  provide  for  hosts  that  can 
provide  analog-only,  digital-only,  or  both  analog  and  digital  video  signals, 
and  monitors  with  digital  or  analog  video  inputs  (it  is  considered  that  there 
would  be  no  purpose  in  building  a monitor  with  both  analog  and  digital 
video  inputs).  A monitor  and  a host  that  do  not  use  compatible  signals  will 
not  physically  connect.  Ian's  presentation  included  a paper  co-written  with 
Shaun  Kerigan  of  IBM,  giving  an  additional  technical  description  of  P&D. 

James  Kim  of  Silicon  Image  presented  a paper  on  the  PanelLink(TM) 
technology  used  in  VESA's  Plug  and  Display  and  FPDI-2  standards.  Within 
the  standards,  the  transmission  protocol  is  called  Transition  Minimized 
Differential  Signaling  (TMDS).  PanelLink  transmits  digital  data  as 
differential  low- voltage  signals,  with  control  signals  encoded  following  a 
patented  protocol,  and  a Digital  Phase  Lock  Loop  (DPLL)  permits  multiple 
bits  of  data  to  be  transmitted  per  cycle  of  the  transmission  clock.  The 
recommended  implementation  of  the  current  drive  benefits  EMC,  and  low- 
voltage  swing  and  impedance  can  be  adjusted  to  meet  specific  needs.  The 
paper  described  the  capabihties  of  current  and  future  devices,  and  explored 
potential  future  applications. 

Larry  Kopp  of  AMP,  a VESA  Board  member,  described  the  AMPSLIM 
1 .25mm  connector,  which  was  chosen  as  the  connector  for  the  VESA  FPDI- 
2 standard.  The  connector  is  noted  for  an  extremely  low  profile.  Contacts  are 
tin  plated  - for  applications  needing  more  than  30  cycles,  a gold  plated 
interface  could  be  implemented.  The  receptacle  can  be  used  with  discrete 
wires,  twisted  pair  wires,  or  flexible  printed  circuits.  The  connector  has  been 
characterized  up  to  6 GHz.  This  is  an  open  standard  - other  manufacturers 
can  duplicate  the  connector  interface. 

John  Frederick  discussed  the  proposed  VESA  PC  Theatre  standard.  The 
planned  specification  includes  a high  resolution  computing  device, 
connected  to  a progressively  scanned  large  (television-size)  display. 

Wireless  input  devices  provide  control.  The  P&D  Standard  connector  is  used 
to  connect  computing  device  and  display.  The  device  can  operate  in  different 


modes,  for  both  PC  graphics  and  television  mode  functionality.  The 
presentation  included  typical  system  configurations.  The  PC  Theatre 
Committee  has  established  a liaison  with  the  Consumer  Electronics 
Manufacturers'  Association  (CEMA)  a related  standards  group,  to  insure 
agreement  on  a single  realization. 

Carlos  Grinspon  of  the  NIST  Advanced  Technology  Program  (ATP)  gave  an 
introduction  to  the  ATP.  This  organization  seeks  to  stimulate  economic 
growth  through  cost- shared  partnerships  with  industry,  to  develop  high  risk 
and  enabling  technologies.  The  target  is  technology  areas  that  have  high 
potential,  but  which  also  carry  such  a high  risk  that  industry  is  unwilhng  to 
pursue  them  alone.  ATP  offers  both  general  competitions  (for  all 
technologies  and  industries),  and  focused  program  competitions  (directed 
toward  one  of  the  specific  areas  for  which  there  has  been  enough  interest  to 
justify  the  formation  of  a focused  program).  ATP  has  provided  significant 
funding  in  the  areas  of  display  and  electronics,  among  others,  and  welcomes 
new  proposals.  Carlos  said  for  more  information,  refer  to  the  contacts  in  the 
presentation,  including  the  web  page  at  http://www.atp.nist.gov  . 

Joel  DiGirolamo  gave  a presentation  with  extensive  examples  of  how  the 
Home  Network  concept  would  work.  An  overall  access  network  reaches  into 
a backbone  network  which  spans  an  entire  house  with  a high  bandwidth, 
-100  meter  link  to  local  digital  clusters  in  multiple  rooms.  Television, 
telephony,  and  control  of  appliances  are  included.  Unique  wall  outlets 
provide  for  connection  between  rooms.  Important  issues  include  bandwidth 
and  security.  Because  of  its  widespread  application,  multiple  industrial 
groups  have  become  involved  in  this  effort. 

Dr.  Bruce  Gnade  of  the  Defense  Advanced  Research  Projects  Agency 
described  the  DARPA  High  Definition  Systems  (HDS)  program.  DARPA  is 
concerned  with  availability  of  advanced  devices  for  purchase  by  the 
Department  of  Defense.  Components  can  often  be  bought  off  the  shelf,  but 
in  some  cases  there  is  a need  for  improved  performance,  readiness,  and 
reliability.  The  HDS  program  considers  one  of  the  main  issues  to  be  how 
fast  the  user  can  assimilate  data  - the  display  being  one  of  the  critical 
elements  in  this  process.  In  the  past  there  had  been  greater  emphasis  on 
"dual-use"  (civilian  and  military)  applications  - DARPA  is  now  more 
oriented  toward  specific  military  applications.  The  emphasis  of  the  program 
is  on  technology  development,  not  manufacture.  The  immediate  goal  is  to 
accelerate  the  development  of  flexible,  rugged  displays.  Some  of  the 


technologies  being  explored  are  organic  electroluminescent  displays, 
reflective  displays,  self-assembled  electronics,  large  plasma  displays, 
organic  LEDs,  and  non-traditional  substrates  such  as  plastic  and  flexible 
stainless  steel.  HDS  would  like  to  make  use  of  commercial  standard 
interfaces,  such  as  P&D/FPDI-2.  DARPA  would  like  industry  to  be  aware  of 
the  technologies  it  will  require,  as  a possible  influence  for  the  future 
direction  of  technology  development. 

Track  II 

Steve  Brown  from  the  Optical  Technology  Division  of  the  Physics 
Laboratory  at  NIST  discussed  the  NIST  Calibration  Scheme  for  Colorimetry 
of  Displays.  The  uncertainties  in  color  measurement  have  led  to  a need  for 
improved  accuracy  to  facilitate  applications  requiring  precise  color 
reproduction.  The  objectives  are  to  establish  NIST  cahbration  services  for 
color  measuring  instruments  for  display  colors,  and  to  develop  the  needed 
instrumentation  and  methodologies  for  this  service.  The  presentation 
described  new  measurement  methods  and  evaluated  their  performance. 

Hector  Lara  of  Photo  Research  gave  a presentation  on  Display  Measurement 
Techniques  and  Standards.  His  paper  discussed  the  need  for  reliable  flat 
panel  display  measurements,  then  described  the  optics  of  three  measurement 
approaches:  Prichard  Spot  Optics,  Fourier  Optics,  and  Collimated  Optics. 
The  implications  of  the  twelve  parameters  or  "f-functions"  recommended  by 
the  CIE  (International  Commission  on  Illumination)  for  evaluation  of  light 
measuring  devices  were  considered,  and  the  various  bodies  of  experts  in  the 
field  listed. 

Mike  Brill  of  the  National  Information  Display  Laboratory  (NIDL) 
discussed  a Procedure  to  Verify  Digital  Color  Systems.  The  problem 
addressed  was  how  to  verify  the  degree  of  success  in  reproducing  colors  on  a 
new  device.  The  objective  was  to  detect  digital  protocol  errors,  and  to  avoid 
confusing  the  results  of  these  errors  with  other  error  sources.  An  approach  is 
the  use  of  adaptive  color  test  patterns  - find  the  digital  inputs  needed  to 
produce  specified  colors  on  a standard  video  display  unit  (VDU),  then  feed 
these  inputs  to  a test  VDU  and  compare  the  results.  The  presentation 
described  the  mathematics  needed  for  this  procedure,  and  gave  an  example. 

Mike  Grote  of  NIDL  reported  on  a flat  panel  measurement  round  robin  that 
had  been  conducted  using  two  NIDL  notebook  computers  (one  passive 
matrix,  one  active  matrix)  which  were  sent  around  to  a number  of  different 


labs,  where  a suite  of  basic  measurements  were  performed  according  to  a 
specified  procedure.  Measurement  equipment  from  a wide  variety  of 
manufacturers  was  used,  and  results  were  reported  on  a form  of  the  type  to 
be  included  in  the  VESA  FPDM  standard.  Setup  conditions  were  found  to  be 
crucial  to  the  reproducibility  of  measurements.  A mathematical  analysis  was 
applied  to  the  results.  With  some  exceptions,  the  degree  of  uniformity  of 
measurements  was  greater  than  expected.  A second  round  robin  has  been 
initiated. 

Joe  Lee  Frank,  Director  of  Operations  at  NIDL,  gave  a presentation  on  the 
need  for  FPD  measurement  standards.  The  end  goal  is  that  an  end  user  can 
buy  a display,  turn  it  on,  and  the  display  will  perform  as  desired.  Results  will 
depend  on  both  display  and  systems  standards.  The  FPDM  standard  is 
considered  to  be  a major  accomplishment  in  this  area.  Joe  Lee  predicted  that 
projection  displays  will  play  an  increasingly  important  role  in  the  future. 
NIDL  was  formed  seven  years  ago,  to  facilitate  the  use  of  displays  by 
government  users.  NIDL  foresees  displays  of  the  future  with  better  image 
quality  and  more  "intelligence",  millions  of  pixels,  stereo  and  video  for  some 
applications.  Collaborative  display  systems  for  simultaneous  use  by  multiple 
users  will  be  meters  to  tens  of  meters  across,  have  up  to  hundreds  of  millions 
of  pixels,  and  be  visible  in  ambient  office  lighting.  Because  of  the 
demanding  needs  of  human  perception,  and  the  sometimes  life-and-death 
importance  of  correct  image  analysis,  high  quality  displays  will  be  essential, 
and  good  performance  measurement  will  help  to  make  sure  they  are 
available. 

Paul  Boynton  of  the  FEEL  at  NIST  described  Interference  Filter  Testing  for 
Color  Measurement  Accuracy.  The  idea  is  that  interference  filters  can  be 
used  to  evaluate  light  measuring  devices  (LMDs).  Light  from  an  integrating 
sphere  serves  as  the  source  - it  passes  through  a neutral  density  filter,  then  a 
diffuser,  then  the  interference  filter  and  an  aperture,  after  which  it  is  detected 
by  the  LMD.  Proper  alignment  and  linearity  are  important  issues.  Results  of 
actual  measurements  were  presented,  and  the  sources  of  error  were 
discussed. 

George  Jones  of  the  FEEL  at  NIST  discussed  Display  Reflection 
Characterization.  The  objective  he  stated  is  to  evaluate  the  method  of 
measuring  undesirable  reflection  from  the  face  of  a display.  With  typical 
anti-reflection  treatments,  a bright  light  is  typically  reflected  from  a FPD  as 
a fuzzy  blob.  The  three-component  model  of  reflection  divides  this  reflection 


up  into  Lambertian  (diffuse),  specular  (mirror-like),  and  haze  (intermediate) 
components.  Mathematical  expressions  can  be  used  to  describe  each  of  these 
reflection  components.  The  presentation  described  the  measurement 
techniques  used,  and  the  results  of  actual  measurements  of  reflection 
(Bidirectional  Reflectance  Distribution  Function,  or  BRDF)  as  a function  of 
angle.  A specially  prepared  sample  exhibits  all  three  reflection  components. 
A set  of  photographs  showed  the  actual  reflection. 

Ed  Kelley  of  the  EEEL  at  NIST  presented  on  Advantages  of  Using  a Gloss- 
Black  Cone  Mask  for  Contrast  and  Black  Measurements.  The  problem 
addressed  is  that  an  LMD  is  affected  by  light  from  parts  of  the  screen  that 
are  not  supposed  to  be  viewed.  To  get  around  this  problem,  the  Flat  Panel 
Display  Lab  developed  a technique  of  putting  a hollow  cone  made  of  gloss 
black  plastic  (with  the  sides  sloping  at  45  degrees)  between  the  screen  and 
the  LMD,  to  block  or  reflect  away  the  light  from  unwanted  areas  of  the 
screen.  A second  technique  uses  a black  plastic  strip  laid  directly  onto  the 
screen.  Use  of  these  techniques  makes  possible  a great  improvement  in 
contrast  measurements. 

Afternoon  Sessions 


Mitch  Halpem  of  SRI  Consulting  provided  insight  on  the  current  status  and 
the  future  of  the  display  industry.  The  focus  of  the  talk  was  on  LCDs  versus 
alternative  display  technologies,  and  whether  alternative  technologies  can 
catch  up  to  the  entrenched  position  of  LCDs.  Mitch  pointed  out  the  fallacies 
that  people  often  fall  into  when  trying  to  predict  the  future  of  a particular 
technology. 

Mark  Kirstein  of  In-Stat  reported  on  the  results  of  a survey  of  attendees, 
showing  what  they  believe  the  future  holds  for  the  display  industry,  and 
what  issues  they  believe  should  be  addressed.  The  survey  responses  include 
both  the  technical  and  the  business  issues  facing  the  industry,  as  well  as  the 
roles  of  traditional  computing  and  video  / television. 

[The  Panel  Discussion,  Proposals  for  Future  Development,  and  Closing 
Remarks  are  summarized  in  the  following  sections  of  the  proceedings.] 


III.  Workshop  Agenda 


SPEAKER  SCHEDULE  FOR  DISPLAY  FORUM  - FALL’97 


Date: 

Location: 

Schedule 

8:00  a.m-8:15  a.m. 


8:15  a.m.-8:45  a.m. 


8:55  a.m.-9:05  a.m 


9:05  a.m 


Monday,  October  20,  1997 

Gaithersburg  Hilton,  Gaithersburg,  Maryland  (near  Washington  D.C.) 
Keynote  Speaker 

Dr.  Shukri  Wakid,  director  of  Information  Technology  Lab,  NIST  will 
deliver  an  informative  address  on  “Emerging  Trends  in  Information 
Technology”. 

VESA  overview:  “Future  Display  Directions” 

PJ  Stegen  VESA  Executive  Director 

Mike  Marentic  Hitachi,  Flat  Panel  Display  Interface  Committee 

Chair 

IBM,  Plug  & Display  Committee  Chair 
Hewlett  Packard,  Monitor  Committee 
Compaq,  VESA  PC  Theatre  Committee  Chair 
Lexmark,  Inti.,  Home  Network  Chair 


Ian  Miller 
Bob  Myers 
John  Frederick 
Joel  DiGiralamo 
NIST  overview 
Ed  Kelley 
John  Roberts 


NIST,  Flat  Panel  Display  Measurement 
NIST,  Display  Interface  Laboratory 


Break  out  into  Parallel  Tracks  I & II 


9:15  a.m.-12:30  p.m. 

1.  Ian  Miller,  IBM 

2.  James  Kim,  Silicon  Image 

3.  Larry  Kopp,  AMP 

4.  John  Frederick,  Compaq 

5.  Carlos  Grinspon,  NIST 

6.  Joel  DiGirolamo,  Lexmark  International 

7.  Bruce  Gnade,  DARPA 


Track  I:  Display  Interface  Workshop 

"VESA  Plug  cfe  Display:  A New  Video  Interface  Standard" 
“VESA  P&D  TMDS  (PanelLink  Technology)  and  its 
Applications  for  Flat  Panel  Displays" 

“AMPSLIM  1.25mm  Connector  for  the  VESA  FPDI-2  Flat 
Panel  Display  Interconnect  Standard" 

“PC  Theatre  Initiative — Open  Industry  Interconnect 
Standards  for  the  Convergence  of  the  TV  and  PC” 
“Introduction  to  the  Advanced  Technology  Program  ” 
“1394  and  the  VESA  Home  Network” 

“HDS  Program  and  Future  Vision" 


9:15  a.m.  -12:30  p.m. 


Track  II:  Display  Measurement  Workshop 


1.  S.W.  Brown.NIST 

2.  Hector  Lara.Photo  Research 

3.  Mike  H.  Brill.NIDL 

4.  Mike  D.  Grote,NIDL 

5.  J.L.  Frank,  NIDL 

6.  Paul  A.  Boynton, NIST 

7.  G.R.  Jones,NIST 

8.  Ed  F.  Kelley, NIST 


“NIST  Calibration  Scheme  for  Colorimetry  of  Displays” 
“Display  Measurement  Techniques  and  Standards" 
“Procedure  to  Verify  Digital  Color  Systems” 

“Flat  Panel  Display  Measurement  Round  Robin  Results” 
“After  FPD  Measurement  Standards" 

“Interference  Filter  Testing  for  Color  Measurement 
Accuracy” 

“Display  Reflection  Characterization” 

“Advantages  of  using  a Gloss-Black  Cone  Mask  for  Contrast 
and  Black  Measurements” 


12:30  p.m.-l  :30  p.m.  LUNCH 

NIST  pre-registered  lab  tours  during  lunch 
1 :30  p.m.- 1 :45  p.m.  Keynote  Speaker 

Mr.  Mitch  Halpern,  Manager  of  Business  Intelligence  Center,  SRI 
Consulting  will  speak  on  “Shooting  at  a Moving  Target  - Alternative  Display 
Technologies  arul  LCD’s.  ” 


1:45  p.m.-2:15  p.m. 


2:15  p.m.-3:45  p.m. 
3:45  p.m.-4:45  p.m. 
4:45  p.m.-5:00  p.m. 
5:00  p.m.-6:00  p.m. 
5:30  p.m.-7:30  p.m. 


In-Stat  Report:  Mark  Kirstein,  director  of  Research,  Computer  Market 
Services  “Displays  for  Convergence"  Results  of  attendee  surveys  on  future 
direction  and  requirements  in  the  display  field  presented  and  discussed. 
Panel  discussion-  Critical  Display  Issues 

Display  Technology  Roadmap  - Proposals  for  Future  Development 
Closing  Remarks  - Technology  Advancement  and  Future  Vision 
Conference  Adjourns,  NIST  pre-registered  lab  tours 
Reception  and  company  exhibits 


IV.  List  of  Attendees 
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Mike  Marentic  Manager  Hitachi  America  1740  Technology  Drive,  Suite  420  San  Jose  CA  95110 

Ian  Miller  Senior  Project  Eng.  IBM  Inverkip  Road,  Greenock,  PA1 6 OAH  Scotland 

Jim  Reger  Doctor  Independent  Consultant  P.O.  Box  5510,  100  Bay  Drive  Key  West  FL  33040 

Mark  Kirstein  INSTAT 

Don  Chambers  NPPC  Group  Mgr.  JAE  142  Technology  Dr.,  Suite  100  Irvine  CA  92618-2401 


Dr.  Miltos  Hatalis  Professor  Lehigh  University  16A  Memorial  Drive  East  Bethlehem  PA  18015 

Joel  DiGiralamo  Engineer  Lexmark  International  740  New  Circle  Road,  M/S  Cl 2/035-3  Lexington  KY  40511-1876 

Dan  Schinasi  Trade  Show  Manager  Minolta  Corporation  101  Williams  Drive  Ramsey  NJ  7446 

Edgardo  Rodriguez  Prod. Marketing  Mgr.  Mitsubishi  1 050  E Argues  Avenue  Sunnyvale  CA  94086-4601 

Gary  Manchester  Strategic  Prod.  Mgr.  Molex  2222  Wellington  Ct.  Lisle  II  60532 
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RELEASED  STANDARDS 
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FPDI-2  SUMMARY 
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ESA  STANDARDS 
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PLUG  & DISPLAY 
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Objectives  of  P&D  Standard 
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VESA  STANDARDS 
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STANDARDS  DEVELOPMENT  IN  1997 
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Monitor  Committee  Future  Plans 
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VESA  STANDARDS 
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PC  Theatre  Product 
Description 


environment.  The  consumer  may  watch 
TV,  use  the  PC,  or  both  at  the  same  time. 


support  automatic  configuration. 
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PC  THEATRE  COMMITTEE 
ACTIVITIES  IN  ‘97 
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PC  Theatre  Committee  Future  Plans 
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VESA  STANDARDS 
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COMMITTEE  STRUCTURE 


STANDARDS  PROGRESS 
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STANDARDS  SUMMARY 
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STANDARDS  SCHEDULE 
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DISPLAY  INTERFACE/TECHNOLOGY 

RESEARCH  AT  NIST 
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•Electrical  signals,  timing,  etc. 

•(Not  duplicate  EEEL,  Physics  photometric,  colorimetric 
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VI.  Track  I:  Display  Interface  Workshop 
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^ VESA  PLUG  and  DISPLAY 


A NEW  VIDEO  INTERFACE 
STANDARD 


Ian  Miller,  IBM  PC  Co. 
Greenock,  Scotland 


Ian  Miller,  IBM  PC  Co. 


06/10/97 


WHY  A NEW  STANDARD  ? 


INCREASING  MONITOR  PERFORMANCE 


- Inadequate  bandwidth  on  “VGA  Interface”  with  1 5 pin  D-shell 
connector 


❖ INTRODUCTION  OF  NEW  DISPLAY 
TECHNOLOGIES  e.g.  LCD  monitor 

- Not  well  suited  to  analogue  video  interface 

- Digital  Interface 

♦ No  Industry  Standard  Exists 

- Several  Proprietary  Interfaces 

♦ Very  Limited  Compatibility 


Ian  Miller,  IBM  PC  Co. 


06/10/97 


lanMiUerJBMPCCo. 


; WHAT  IS  IT? 

❖ fflGH  BANDWIDTH  ANALOGUE  VIDEO 

- e.g.  CRT  MONITORS 

❖ DIGITAL  VIDEO 

- e.g.  LCD  MONITORS 

❖ DISPLAY  DATA  CHANNEL 

- AUTO  CONHGURAHON;  MONITOR  CONTROL 

❖ USB  (OPTION) 

❖ IEEE-1394  (OPTION) 

❖ CHARGE  POWER  (OPTION) 


Ian  Miller,  IBM  PC  Co. 
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Key  Features  - 1 


❖ High  Bandwidth  RGB2S  Interface 

❖ Digital  Interface 

- PanelLink  Technology 

❖ DDC2B  (or  higher  level) 

❖ USB  Option 

❖ IEEE- 1394  Option 

❖ Charging  Power  Option 


Ian  Miller.  IBM  PC  Co. 
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Ian  Miller,  IBM  PC  Co. 


&J^  : Key  Features  - 2 


❖ Auto  Configuration 

❖ Hot  Plugging  and  Automatic  Re-configuration 

❖ Independence  from  Display  Technology 

- CRT,  LCD,  Plasma,  DMD,  etc 

♦>  Uses  DDC  Ver.  3 and  EDID  Ver.  3 

- New  Proposed  Standards  from  Monitor  Committee 

❖ Cable  Length  to  10  m 

❖ Complements  EVC  Standard 


06/10/97 


Ian  Miller,  IBM  PC  Co. 


D/:  ANALOGUE  INTERFACE 


❖ Impedance  Matched  Video  Path 

- VGA  Interface  System  has  Bandwidth  Limit  Caused 
by  Impedance  Mis-Match 

♦ Details  of  High  Information  Content  Images  are  Being  Lost 

❖ Bandwidth  of  Video  Lines 

- Connector  System  Specified  at  2.4  GHz  min. 

❖ PC97  and  PC98  have  High  Addressibility 
Requirements  and  Recommendations 

- A New  High  Bandwidth  Interface  is  Required 


Ian  Miller,  IBM  PC  Co. 


06/10/97 


Ian  Miller,  IBM  PC  Co. 


; DIGITAL  INTERFACE 

❖ Three  Differential  Signals  for  Data  and  Control 

❖ One  Differential  Signal  for  Clock 

❖ Data  and  Control  Signals  Encoded  to  Minimise 
Transitions 

❖ Up  To  1280  X 1024  @ 60  Hz  at  24  bpp 

❖ Extension  to  1600  x 1280  @ 60  Hz  at  24  bpp 


Ian  Miller,  IBM  PC  Co. 


06/10/97 
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&D  : OPTIONAL  FEATURES 


❖ USB 


❖ IEEE- 1394 

❖ Charging  power 

❖ Can  Be  Selectively  Loaded 
- Any  Combination 


Ian  Miller,  IBM  PC  Co. 


06/10/97 
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Ian  Miller,  IBM  PC  Co. 


HOT  PLUGGING 


❖ Basic  Protection 

❖ Automatic  Re-configuration  When  New 
Monitor  Plugged 

❖ Uses  -I-5V  (DDC)  to  Signal  from  System 
Unit 

❖ Uses  Charge  Power  Line  to  Signal  from 
Monitor  to  System  Unit 


Ian  Miller,  IBM  PC  Co. 


06/10/97 
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RECEPTACLE 


Ian  Miller,  IBM  PC  Co. 


06/10/97 
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Ian  Miller,  IBM  PC  Co. 


RELATIONSHIP  WITH  EVC 

❖ Identical  Contact  Layout 

❖ Same  Pin  Numbers  for  All  Signals  That  are 
Carried  by  Both  Connectors 

❖ Different  Shell  Profiles  and  Mechanical  Details  in 
Microcross  area  to  Protect  Against  Inappropriate 
Plugging 

❖ Together  they  Form  a Family 


Ian  Miller,  IBM  PC  Co. 


06/10/97 
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&Dx:  CONNECTOR  FAMILY 


Monitor  Plug 


Host  Receptacle 

EVC 


Ian  Miller,  IBM  PC  Co. 


06/10/97 
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Ian  Miller,  IBM  PC  Co. 


CONCLUSION 


❖ P&D  IN  HOST  SYSTEM 

- Any  Display  technology 

- Optimal  Video  Interface 

- Auto  Configuration 

- Hot  Plugging 

- Serial  Bus  Options 

❖ Interoperable,  One  Stop  Plugging  for  Monitors 


Ian  Miller,  IBM  PC  Co. 


06/10/97 
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P&D  : A New  Video  Interface 
Standard 

Shaun  Kerigan  and  Ian  Miller 
IBM  PC  Co. 

Greenock 

Scotland 

Abstract: 

This  paper  reviews  the  recently  ratified  VESA 
P&D'^^  standard  which  incorporates  high 
performance  analogue  and  digital  video  together 
with  USB  and  IEEE  1384  options  in  a single 
connector.  With  automatic  configuration,  the 
optimal  video  interface  for  each  display  technology 
is  selected  and  used. 


Background 

The  predominant  interface  used  for  monitors  today 
is  analogue  video  with  horizontal  and  vertical 
synchronisation  pulses  (RGB2S),  using  a 15  pin  D- 
shell  connector  and  with  a cable  length  of 
approximately  1.8m. 

The  analogue  video  of  this  interface  is  well  suited 
to  CRT  technology  but  image  quality  is  adversely 
affected  at  high  addressibilities  since  the  15  pin  D- 
shell  connector  has  a limited  bandwidth. 

However,  this  interface  is  not  well  suited  to  most 
flat  panel  technology  monitors  which  require  the 
analogue  video  signals  to  be  converted  back  to 
digital  signals.  Achieving  this  conversion  requires 
a pixel  clock  to  be  generated  and  locked  to  the 
horizontal  synchronisation  pulses.  This  process  is 
difficult  and  expensive  to  engineer  but,  even  more 
importantly,  results  in  image  quality  loss  and  the 
possible  introduction  of  image  artefacts. 

These  problems  together  with  the  benefits  arising 
from  a single  video  port  capable  of  allowing 
optimal  connection  of  a wide  variety  of  display 
technologies  have  been  realised  by  a number  of 
engineers  working  for  member  companies  of  the 


Video  Electronics  Standard  Association  (VESA), 
(Myers  (1)  (2)  and  Schussler  (3).  In  early  1996 
activity  was  started  at  VESA  which  resulted  in  the 
formation  of  the  P&D  committee. 

P&D  Objectives 

One  of  the  first  actions  of  the  P&D  committee  was 
to  agree  a set  of  key  objectives,  in  summary; 

• A single  industry  standard  connector 

• Scaleable  cost  structure 

• Scaleable  digital  support  from  640  x 480  to 
2.5K  X 2K  at  up  to  75Hz.  and  30bpp. 

• High  bandwidth  RGB2S 

• A flexible  cable  of  > 2m 

• Automatic  configuration  using  DDC  and  EDID 

• Hot  plugging  protection 

• Independent  hardware  and  software  layer 

• Independence  from  the  OS 

• A bidirectional  control  channel 

• A high  speed  bidirectional  data  channel 

• Based  on  demostrable  prototype 

The  P&D  Standard 

The  P&D  standard  was  ratified  in  June  1997  and 
meets  most  of  the  objectives  outlined  above. 

When  power  is  applied  the  interface  will 
automatically  use  the  contents  of  the  Extended 
Display  Identification  Data  (EDID  '''“)  transmitted 
from  the  monitor  to  the  system  unit  using  the 
Display  data  Channel  (DDC  ™)  bus  to  set  optimal 
conditions. 

The  analogue  video  interface  has  a bandwidth  of 
8(X)MHz,  able  to  handle  the  highest  requirements 
today  with  scope  for  even  higher  requirements  in 
the  future. 

The  digital  video  interface  uses  Transition 
Minimised  Differential  Signalling  (TMDS  ™ ’) 
technology  ( Lee  (4) ),  capable  of  supporting  TFT- 

' TMDS  uses  PanelLink  technology  developed 
by  Silicon  Image 


LCD  and  both  single  and  dual  scan  STN  displays 
from  640  x 480  to  1280  x 1024  pixels  (25 
Mpixels/s  to  112  Mpixels/s).  Future  TMDS 
technology  supporting  1600  x 1200  displays  at  160 
Mpixels/s  is  expected.  An  important  aspect  of  the 
digital  interface  is  standardisation  of  the  pixel 
mapping  to  be  used  for  LCD  display  technologies. 


Cable  lengths  of  up  to  10m  are  permitted  although 
this  may  be  restricted  to  5m  if  either  the  USB  or 
IEEE- 1394  options  are  used. 

The  P&D  standard  requires  use  of  capacitor 
coupling  between  the  TMDS  transmitter  and 
receiver,  see  Figure  2 


Today  TMDS  (Lee(7))  supports  between  VGA  @ 
60  Hz  (25  Mpixels/sec)  to  SXGA  @ 60  Hz  (112 
Mpixels/sec  ) for  TFT-LCD  display  in  addition  to 
support  for  single  and  dual  scan  STN  displays  and 
other  temporal  modulated  displays  at  up  to  10 
meters  cable  length.  In  the  future  TMDS  will 
support  up  to  UXGA  (1600X1200)  @ 60  Hz  (160 
Mpixels/sec).  The  pixel  mapping  for  TFT-LCD’ s, 
STN  Single  and  Dual  Scan  are  defined  for  TMDS 
within  the  P&D  Standard. 


Figu 


re  2 


The  P&D  connector  (Fig  1)  differs  from  the  VESA 
Enhanced  Video  Connector  (EVC)  only  by  the 
shape  of  the  shell. 


Figure  1 


The  purpose  of  R a and  Rb  is  to  provide  an  average 
DC  level  on  the  TX  side  and  provide  source 
termination.  Rc  & Rd  are  on-chip  termination 
resistors  in  the  TMDS  receiver. 

Note: 

Ra  — Rb  ~ Zt,  with  Zx  — 100£2, 

Tclk  = 25MHz-  112MHz, 

Cl  = C2,  InF  < C 1 < lOOnF, 

Rc*RX_AV  cc  = Rd*RX_AV  cc=1/2V  swing 


The  following  signal  sets  are  supported: 

• RGB2S  video 

• TMDS  video 

• DDC2 

• Universal  serial  bus  (USB) 

• IEEE- 1396- 1995 

• Charge  Power 

The  USB  and  IEE1394  buses  are  optional  and  may 
be  used  to  provided  support  for  audio,  video  in  / 
out,  keyboards,  mice  etc. 

The  following  section  dealing  with  ac  coupling  of 
the  TMDS  bus  is  directly  extracted  from  the  P&D 
standard: 


25  - 65  MHz 

65  - 112  MHz 

Zt 

100  Q 

100  Q 

c, 

10nF-H/-20% 

10nF-i-/-20% 

C2 

10  nF  +/-  20% 

10  nF  -(-/-  20% 

Ra 

100  Q 

100  Q 

Rb 

100  Q. 

100  n 

Rc 

50  n 

50  Q 

Rd 

50  Q 

50  Q 

The  RGB2S  analogue  red,  green,  blue,  horizontal 
sync.,  vertical  sync,  with  optional  pixel  clock)  are 
supported  with  a bandwidth  of  800  Mhz. 

The  high  frequency  analogue  signals  are  connected 
via  the  MicroCross  ™ section  of  the  connector. 


Can  EVC  and  P&D  Co-exist  ? 

The  answer  is  clearly  yes,  EVC  and  P&D  are 
complementary,  each  with  advantages  for  particular 
market  segments. 


Figure  3 provides  a comparison  of  the  signals  and 
functions  available  in  the  system  receptacles  under 
EVC  and  P&D  standards: 


EVC 

P&D  A/D 

RGB2S 

Yes 

Yes 

TMDS 

No 

Yes 

IEEE-1394 

Optional 

Optional 

USB 

Optional 

Optional 

Charge  power 

Optional 

Optional 

DDC 

Yes 

Yes 

Analogue  video 

Optional 

No 

Analogue  audio 

Optional 

No 

Hot  plugging 
Re-configuration 

Optional 

Yes 

Figure  3 


Signals  common  to  both  interfaces  are  allocated  the 
same  pin  number,  this  allows  an  EVC  plug  to  mate 
with  the  P&D  receptacle  making  connection  with 
RGB2S,  DDC,  USB,  IEEE-1394  and  Charge 
Power  Signals  but  the  P&D  plug  cannot  mate  with 
the  EVC  receptacle  due  to  the  different  shell 
shapes. 

Certain  other  undesirable  combinations  of  EVC 
and  P&D  connectors  are  not  possible  due  to 
mechanical  differences  in  the  MicroCross  area. 
This  is  summarised  by  Figure  3. 


Monitor : Plup  HWl  i RWTOffith. 


EVC  EVC 


Conclusion 

If  implemented  in  the  host  system,  the  P&D 
interfaces  provides  a single  connector  capable  of 
optimally  supporting  a wide  range  of  display 
technologies.  Additionally,  the  P&D  standard 
introduces  the  only  standard  for  digital  video, 
ensuring  that  hardware  from  different  companies  is 
Interoperable. 

Trademarks: 

1.  VESA,  EVC,  P&D  and  TMDS  are  trademarks 
of  the  Video  Electronics  Standards  Association 

2.  PaneLink  is  a trademark  of  Silicon  Image  Inc. 

3.  MicroCross  is  a trademark  of  Molex  Corp. 
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Introduction 

As  Flat  Panel  Displays  (FPDs)  increase  in  size,  color  depth,  and  resolution,  the  clock  speeds  and  number  of  parallel  data  bits  to 
drive  them  also  increases.  A new  interface  standard  is  required  to  deliver  high  bandwidth  and  reliable  images  that  are 
comparable  to  or  better  than  CRTs.  Moreover,  to  achieve  tme  “plug-and-play”  capability,  this  new  interface  standard  must  be 
reliable,  compatible,  scaleable,  affordable,  and  integrateable  over  a wide  range  of  FPD  technologies.  To  accomplish  these 
goals,  the  Video  Electronics  Standards  Association  (VESA®)  has  released  its  Plug  and  Display  (P&D™)  FPD  interface 
standard  for  desktop  applications.  It  is  also  in  the  process  of  reviewing  the  final  draft  of  the  Flat  Panel  Display  Interface  - 2 
(FPDI-2™)  standard  for  notebook  applications.  Both  standards  are  based  upon  the  key  technological  features  and  architecture 
of  PanelLink  Technology  from  Silicon  Image.  These  VESA  standards  define  a low  cost,  scaleable  digital  interface,  which 
overcome  today’s  incompatibilities  in  connector  types,  cabling,  and  data  formats  for  notebook  and  FPD  monitor  displays.  These 
standards  promises  to  accelerate  the  FPD  monitor  and  notebook  markets  and  elevate  the  multimedia  experience  to  the  next  level 
via  the  use  of  large,  true  color,  high  resolution  FPDs. 

This  paper  will  present  a brief  overview  of  the  features  and  architecture  that  made  PanelLink  Technology  the  interface  of 
choice  for  the  VESA  P&D  and  FPDI-2.  It  will  then  present  some  applications  of  VESA  P&D  TMDS  that  could  open  up  new 
markets  and  accelerate  wide  market  acceptance. 

PanelLink  Technology 

PanelLink  Technology  is  Silicon  Image’s  solution  to  the  FPD  interconnect  issues  due  to  increasing  number  of  signal  lines, 
increasing  clock  speeds,  and  lack  of  a interface  standard.  PanelLink  Technology  is  a patented  high-performance,  Transition- 
Minimized  Low- Voltage  Differential  Signaling  (TMDS™)  technology  that  transmits  graphics  and  video  data  at  greater  than 
gigabit  per  second  on  a single  channel  from  a Flat  Panel  Multimedia  Accelerator  (FPMA)  to  a TFT  (Thin-Film  Transistor  or 
Active)  or  DSTN  (Dual-Scan  Twisted-Nematic  or  Passive)  FPD.  There  are  three  high  speed  serial  data  channels  per  link  which 
gives  a total  transmission  throughput  of  greater  than  3 Gbits/sec.  This  link  transfers  data,  clock,  and  control  signals  from  the 
FPMA  to  the  FPD  using  high  speed  patented  TMDS  and  DC-balanced  encoded  data.  It  can  transmit  high  speed  data  over 
copper  media  up  to  10m  and  interface  directly  to  fiber  optic  transceivers  to  transmit  up  to  500m.  It  has  been  integrated  into 
FPMA  and  FPD  controllers.  PanelLink  Technology  defines  a single,  logical,  simple  interface  that  spans  VGA  (640x480)  to 
UXGA  (1600x1200)  resolutions  and  beyond  with  the  same  interface;  the  exact  same  number  of  serial  channels,  which  is  only  3 
data  channels  and  1 clock  channel. 

Transition  Minimized  Low  Voltage  Differential  Signaling  ITMDS) 

The  only  way  to  achieve  high  serial  data  transmission  speeds  with  low  cost  standard  CMOS  process  technology  is  to  use  Low 
Voltage  Differential  Signaling  (LVDS).  This  helps  reduce  the  Electro-Magnetic  Interference  (EMI)  generated  by  the  high  speed 
serial  signals  by  reducing  the  voltage  swing  of  the  signal.  Unfortunately,  just  doing  a simple  high  speed  parallel-to-serial 
conversion  of  the  data  using  LVDS  is  not  enough.  The  voltage  swing  of  the  transmitted  signals  is  reduced,  but  the  signal 
transitions  of  the  high  speed  serial  data  transmission  are  dramatically  increased.  This  increase  in  signal  transitions  has  an  impact 
on  EMI.  Therefore,  PanelLink  Technology’s  patented  encoded  TMDS  method,  which  controls  the  number  of  signal 
transitions,  will  help  reduce  the  total  number  of  signal  transitions.  The  voltage  swing,  rise/fall  times,  pulse  width,  and  period  of 
a signal  will  have  an  effect  on  the  frequency  spectrum  of  a signal  which  will,  in  turn,  have  an  impact  on  EMI.  The  higher  the 
voltage  swing,  the  shorter  the  period,  the  faster  the  rise/fall  times;  the  larger  the  power  of  the  frequency  spectrum  which  will 
impact  EMI.  Using  high  speed  serial  TMDS,  all  the  variables  that  affect  the  frequency  spectrum  of  a signal  will  be  reduced 
which  in  turn  will  help  in  reducing  EMI. 

As  any  Electro-Magnetic  Compliance  (EMC)  expert  understands,  EMI  is  a system  related  issue.  TMDS  helps  reduce  EMI  with 
the  above  mentioned  features,  but  it  is  not  the  cure-all  of  system  related  EMI.  Proper  system  PCB  layout,  mechanical,  and  EMC 
circuitry  implementations  are  very  important  in  reducing  the  overall  system  EMI.  No  one  solution  can  solve  all  of  the  system 
related  EMI,  but  PanelLink  Technology  can  help  in  reducing  its  portion. 


Data  Over-Sampling 

PanelLink  Technology  does  three  times  over-sampling  of  the  received  serial  data.  This  enables  reliable  data  reception,  than 
just  single-sampling,  in  the  presence  of  system  noise  which  is  inevitably  present.  Also,  PanelLink  Technology  only  uses  the 
frequency  information,  and  not  phase,  of  the  transmitted  clock  to  generate  the  three  times  over-sampling  clocks.  This  method 
allows  clock-to-data  skew  tolerant  designs. 

Phase  and  Bvte  Alignment 

Noise,  jitter,  and  normal  signal  drift  will  affect  the  over-sampling  clocks.  PanelLink  Technology  uses  a Digital  Phase  Lock 
Loop  (DPLL)  tracking  mechanism  by  encoding  the  transmitted  data  to  differentiate  between  display  and  non-display  data. 
During  non-display  time,  special  synchronizing  encoded  data  is  transmitted.  The  DPLL  uses  these  special  synchronizing  data  to 
maintain  the  correct  sampling  points  of  the  three  over-sampling  clocks  every  line  and  frame  (during  non-display  time).  Of  the 
three  over-sampled  data  of  each  serial  bit,  the  DPLL  recovers  the  correct  data  by  obtaining  only  the  center  bit  of  the  three  over- 
sampled  data.  The  DPLL  continuously  keeps  track  of  the  center  of  each  serial  bit,  which  results  in  skew-insensitive  data 
recovery.  Therefore,  every  line  and  frame,  the  received  data  will  be  aligned  to  the  correct  over-sampling  clocks. 

The  DPLL  also  implements  byte  alignment  by,  again,  using  the  special  synchronizing  encoded  data  during  non-display  time.  A 
byte  alignment  logic  finds  the  start  position  of  the  special  encoded  synchronizing  data  transmitted  during  non-display  time  from 
the  recovered  data.  So,  every  line  and  frame,  the  received  serial  data  will  also  be  byte  aligned.  These  two  aligning  mechanisms, 
with  special  encoded  synchronizing  data  during  non-display  time,  will  enable  reliable  data  reception.  This  allows  long  distance 
support  with  inexpensive  standard  twisted  pair  cables. 

Multi-Channel  Synchronization 

Multi-Channel  Synchronization  is  accomplished  to  minimize  the  inherent  differences  in  the  length  of  wires  between  each 
channel  (channel-to-channel  or  data-to-data  skew).  By  encoding  the  data  to  differentiate  between  display  and  non-display  data, 
a status  signal  is  used  to  determine  if  there  is  any  skew  between  the  serial  channel  data.  PanelLink  Technology  uses  DE 
(display  enable),  that  each  serial  channel  generates,  to  determine  if  there  is  any  channel-to-channel  skew.  Each  serial  channel 
DE  is  compared  with  the  other  two  serial  channel  DE  to  see  if  there  is  any  channel-to-channel  skew.  If  there  is  channel-to- 
channel  skew,  then  the  appropriate  delay,  up  to  one  clock  cycle,  is  implemented  on  the  channel  data  with  the  skew  to  match  the 
other  non-skew  channel  data. 

The  data  recovery  method  with  data  over-sampling,  phase  and  byte  alignment,  and  multi-channel  synchronization  allows  clock- 
to-data  and  data-to-data  skew  to  be  tolerated.  It  also  allows  jitter  and  noise,  inevitably  present,  to  be  tolerated.  Therefore,  this 
reliable  data  recovery  method  offers  a very  low  error  rate  in  the  presence  of  extreme  noise  and  skew,  allowing  long  distance 
support  using  inexpensive  standard  twisted  pair  cables. 

Current  Drive 

Current  drive  is  the  preferred  method  of  implementing  TMDS  (LVDS)  which  eases  the  design  for  EMC  and  enables  reliable 
data  transmission.  In  a differential  signal  driver  system,  it  is  essential  to  make  the  signals  symmetric  so  that  the  two  differential 
signals  cancel  each  other  to  nullify  the  common  mode  signal  and  also  to  make  the  differential  signal  “eye”  wave-form  as  large 
as  possible  for  better  detection  on  the  receiver  side.  The  differential  driver  with  a current  source  offer  such  synunetry  by 
drawing  two  currents  from  the  same  source.  The  sum  of  the  two  output  currents  is  constant  and,  therefore,  the  only  common 
mode  signal  is  DC  which  does  not  contribute  to  any  AC  signal.  When  the  DC  component,  is  subtracted  from  the  two  differential 
signals,  only  AC  components  remain  and  the  two  currents  are  in  the  opposite  direction,  canceling  each  other.  Therefore,  the  two 
signals  are  differential  in  the  AC  sense. 

An  alternative  method  is  to  use  two  source  followers  for  driving  differential  signals,  known  as  voltage  drive.  Due  to  unequal 
drive  capabilities  of  PMOS  and  NMOS  transistors,  symmetry  on  the  differential  signals  are  inherently  difficult.  When  the 
output  switches  from  high  to  low  or  low  to  high,  the  rise  and  fall  times  can  not  match  since  the  pull-up  current  is  driven  by  the 
NMOS  transistor  and  the  pull-down  current  is  pulled-down  by  the  PMOS  transistor.  The  sum  of  the  two  signals  is  not  a pure 
DC  and  a common  mode  signal  is  developed,  causing  EMI.  This  will  also  cause  signal  integrity  issues  due  to  the  uneven  shape 
of  the  differential  signal  “eye”  wave-form. 

Therefore,  in  low  cost  standard  CMOS  process  technology,  a current  drive  technique  offers  an  inherently  superior  symmetry 
and  thus  is  a better  choice  than  a voltage  drive  technique.  PanelLink  Technology  uses  current  driving  method. 


Adjustable  Low  Voltage  Swing  and  Internal  Impedance  Matching  Control 

The  signal  driven  through  a cable  will  be  degraded,  mainly  due  to  attenuation  and  skin  effect,  depending  upon  the  type  and 
length  of  the  cable.  Therefore,  with  PanelLink  Technology’s  adjustable  voltage  swing,  a wide  variety  of  cable  types  and 
lengths  can  be  supported.  The  larger  the  voltage  swing,  the  better  the  signal  to  noise  ratio  for  lower  grade  and  longer  cables.  For 
shorter  and  higher  grade  cables,  a smaller  voltage  swing  can  be  used.  This  allows  the  receiver  to  sample  reliable  data  over  a 
wide  variety  of  cable  lengths  and  types.  This  also  allows  the  customer  to  select  a wide  variety  of  cable  types  for  its  specific  type 
of  applications. 

In  transmission  lines,  if  the  characteristic  impedance  of  the  cable  is  not  matched  to  the  impedance  of  the  load,  there  will  be 
signal  reflections.  This  will  degrade  the  signal,  which  could  have  an  effect  on  correct  sampling  on  the  receiver  end. 
PanelLink  Technology  uses  internal  impedance  matching  control  to  minimize  signal  reflections  to  again,  enable  reliable  data 
reception. 

Standard  Interface  - Inter-Operability 

The  FPD  data  mappings  for  the  popular  FPMAs  that  support  color  TFT  and  DSTN  FPDs  are  not  compatible  \vith  one  another. 
The  FPD  data  mappings  are  all  different  ft-om  manufacturer  to  manufacturer  for  the  different  FPD  technologies.  The  FPD 
interfaces  for  the  popular  color  24-bit  and  16-bit  color  DSTN  and  ISbpp  1 -pixel/clock  and  2-pixel/clock  TFT  FPDs  are  all 
different  from  manufacturer  to  manufacturer.  The  connector  type  used  for  the  FPD  interface  of  these  popular  TFT  and  DSTN 
FPDs  are  also  different  from  manufacturer  to  manufacturer.  Therefore,  with  such  incompatibilities  no  standard  interface  could 
be  achieved.  With  one  interconnect  system,  FPMAs  and  FPDs  are  not  inter-operable  and  therefore,  not  “plug-and-play”  like 
CRT  monitors.  This  limits  the  interconnect  system  to  custom  designs. 

Scaleabilitv 

A critical  aspect  of  any  standard  interface  is  scaleability.  Scaleability  for  an  FPD  interface  means  that  one  transmitter  and  one 
receiver  pair  must  operate  from  25MHz  (VGA)  all  the  way  up  to  202.5MHz  (UXGA)  and  beyond  with  the  same,  constant 
number  of  serial  data  channels.  It  must  support  up  to  24-bpp  and  up  to  75Hz  refresh  as  well  as  various  FPD  technologies. 
Table  1 shows  the  clock  speeds  required  for  various  resolutions  for  the  associated  VESA  CRT  compatible  60Hz  and  75Hz 
refresh  rates  with  maximum  blanking  times.  Table  2 shows  the  clock  speeds  required  for  various  resolutions  for  the  associated 
VESA  Generalized  Timing  Format  (GTF™)  CRT  compatible  60Hz  and  75Hz  refresh  rates  with  minimum  blanking  times. 

Table  1.  Clock  Speeds  and  Blanking  Times  for  Various  Resolutions  for  VESA  Compatible  CRT  Refresh  Rates^ 


Resolution 

60Hz 

Refresh 

Horizontal 

Blanking 

Vertical 

Blanking 

75Hz 

Refresh 

Horizontal 

Blanking 

Vertical 

Blanking 

640  X 480  (VGA) 

25MHz 

18  characters 

29  lines 

31.5MHz 

25  characters 

20  lines 

800  X 600  (SVGA) 

40MHz 

32  characters 

28  lines 

49.5MHz 

32  characters 

25  lines 

1024  X 768  (XGA) 

65MHz 

40  characters 

38  lines 

78.75MHz 

36  characters 

32  lines 

1280  X 1024  (SXGA) 

108MHz 

51  characters 

42  lines 

135MHz 

51  characters 

42  lines 

1600  X 1200  (UXGA) 

162MHz 

70  characters 

50  lines 

202.5MHz 

70  characters 

50  lines 

Table  2.  Clock  Speeds  and  Blanking  Times  for  Various  Resolutions  for  VESA  Compatible  GTF  CRT  Refresh  Rates^ 


Resolution 

60Hz 

Refresh 

Horizontal 

Blanking 

Vertical 

Blanking 

75Hz 

Refresh 

Horizontal 

Blanking 

Vertical 

Blanking 

640  X 480  (VGA) 

19MHz 

2 characters 

3 lines 

24MHz 

2 characters 

3 lines 

800  X 600  (SVGA) 

30MHz 

2 characters 

3 lines 

37MHz 

2 characters 

3 lines 

1024  X 768  (XGA) 

48MHz 

2 characters 

4 lines 

60MHz 

2 characters 

4 lines 

1280  X 1024  (SXGA) 

81  MHz 

4 characters 

5 lines 

lOlMHz 

4 characters 

5 lines 

1600  X 1200  (UXGA) 

120MHz 

6 characters 

5 lines 

149MHz 

6 characters 

5 lines 

Table  3 shows  a list  of  PanelLink  Technology’s  products  and  its  associated  maximum  data  rates.  As  shown,  the  data  rates 
that  PanelLink  can  support  are  more  than  enough  for  the  above  FPD  resolutions  at  60Hz,  as  well  as  some  75Hz,  refresh  rates 
for  both  normal  VESA  CRT  as  well  as  GTF  timings.  PanelLink  Technology  can  do  this  with  only  1 Transmitter/Receiver 
pair  with  the  exact  same  interface  of  3 data  and  1 clock  channel.  PanelLink  Technology  does  not  have  to  increase  the 
number  of  chips  nor  increase  the  number  of  data  channels  to  support  the  various  resolutions  and  refresh  rates. 


Table  3.  PanelLink  Technology's  Performance  Scaling 


Silicon 

Image 

Part# 

CMOS 

Process 

Technology 

Max. 

Specified 

Speed 

Max. 

Specified 

Data 

Throughput 

Max. 

Lab 

Speed 

Max.  Lab 
Data 

Throughput 

Status 

# of  Chips 

#of 

Serial 

Channels 

SiIlOO/101 

0.5u  5V 

68MHz 

2.04Gbits/sec 

86MHz 

2.58Gbits/sec 

Production 

1 Transmitter  & 

1 Receiver  w/ 

Same  Interface 

3 Data 

and 

1 Clock 

SiI140/141 

0.5u  3.3V 

86MHz 

2.58Gbits/sec 

lOOMHz 

3Gibts/sec 

Sampling 

SillSO/lSl 

0.35u  3.3V 

1 12MHz 

3.36Gbits/sec 

135MHz 

4.05Gbits/sec 

04  ‘97 

PanelLink  Technology  products  are  all  fiilly  compatible  with  each  other.  The  only  restriction  is  the  maximum  operating 
frequency  would  be  the  lower  of  the  two.  As  an  example,  if  a SiI140  transmitter  was  used  with  a SillSl  receiver,  the  maximum 
specified  operating  frequency  would  be  that  of  the  Sill 40  which  is  86MHz. 

Standard  Interface 

Table  4 shows  the  data  mapping  scheme  for  the  VESA  P&D  and  FPDI-2  standard  for  24-/1 8-bit  per  pixel  (bpp)  1-pixel/clock 
input/output  TFT  and  16-/24-bit  input/output  DSTN  FPD  support.  The  data  mapping  to  the  transmitter  input  is  the  exact  same 
as  the  data  mapping  from  the  receiver  output  for  color  TFT  and  DSTN  FPDs  always  using  only  3 serial  data  channels.  Table  5 
shows  the  data  mapping  scheme  for  2-pixel/clock  input/output  TFT  FPD  support.  Table  6 shows  the  data  mapping  scheme  for 
1 -pixel/clock  input  to  2-pixel/clock  output  TFT  FPD  support.  Table  7 shows  the  data  mapping  scheme  for  2-pixel/clock  input  to 
1 -pixel/clock  output  TFT  FPD  support.  All  1 -pixel/clock  input  or  output  data  mapping  schemes  are  the  same.  All  2-pixel/clock 
input  or  output  data  mapping  schemes  are  the  same.  This  mapping  scheme  now  allows  true  inter-operability  between  various 
FPMAs  and  FPDs.  This  will  enable  true  “plug-and-play”,  wide  market  acceptance,  new  applications,  and  healthy  competition. 

The  data  mapping  scheme  transmits  the  RED  data  on  serial  data  channel  3,  the  GREEN  data  on  serial  data  channel  2,  and  the 
BLUE  data  on  serial  data  channel  1 for  both  1 -pixel/clock  and  2-pixel/clock  TFT  FPDs.  This  is  the  same  as  how  analog  RGB 
data  is  transmitted  over  three  individual  channels  to  the  CRT  monitor.  This  is  a very  logical  data  mapping  scheme  already 
familiar  to  the  market. 

Table  4.  VESA  P&D  & FPDl-2  Data  Mappings  for  24-/1 8-bpp  1 -pixel/clock  TFT  & 24-/1 6-bit  DSTN  Input/Output  FPD 

Support^ 


Transmitter  Input 

Transmission 

Receiver  Output 

TFT 

DSTN 

TFT 

DSTN 

TFT 

DSTN 

24-bpp 

18-bpp 

24-bit 

16-bit 

24-bpp  1 18-bpp 

24-bit  1 16-bit 

24-bpp 

18-bpp 

24-bit 

16-bit 

R7 

R5 

LB  3 

Serial  Channel  3 

R7 

R5 

LB3 

R6 

R4 

LG3 

R6 

R4 

LG3 

R5 

R3 

LR3 

R5 

R3 

LR3 

R4 

R2 

UB3 

R4 

R2 

UB3 

R3 

R1 

UG3 

R3 

R1 

UG3 

R2 

RO 

UR3 

R2 

RO 

UR3 

R1 

LB2 

R1 

LB2 

RO 

LG2 

SCLK 

RO 

LG2 

SCLK 

G7 

G5 

LR2 

LG2 

Serial  Channel  2 

G7 

G5 

LR2 

LG2 

G6 

G4 

UB2 

LR2 

G6 

G4 

UB2 

LR2 

G5 

G3 

UG2 

LBl 

G5 

G3 

UG2 

LBl 

G4 

G2 

UR2 

LGl 

G4 

G2 

UR2 

LGl 

G3 

G1 

LBl 

UG2 

G3 

G1 

LBl 

UG2 

G2 

GO 

LGl 

UR2 

G2 

GO 

LGl 

UR2 

G1 

LRl 

UBl 

G1 

LRl 

UBl 

GO 

UBl 

UGl 

GO 

UBl 

UGl 

B7 

B5 

UGl 

LRl 

Serial  Channel  1 

B7 

B5 

UGl 

LRl 

B6 

B4 

URl 

LBO 

B6 

B4 

URl 

LBO 

B5 

B3 

LBO 

LGO 

B5 

B3 

LBO 

LGO 

B4 

B2 

LGO 

LRO 

B4 

B2 

LGO 

LRO 

B3 

B1 

LRO 

URl 

B3 

B1 

LRO 

URl 

B2 

BO 

UBO 

UBO 

B2 

BO 

UBO 

UBO 

B1 

UGO 

UGO 

B1 

UGO 

UGO 

BO 

URO 

URO 

BO 

URO 

URO 

Table  5.  PanelLink  Technology  Data  Mappings  for  Color  24-bpp  and  18-bpp  2-pixel/clock  TFT  Input/Output  FPD 

Support 


Transmitter  Input 

Transmission 

Receiver  Output 

TFT 

TFT 

TFT 

2-pixel/clock 

2-pLxel/clock 

2-pixel/clock 

24-bpp 

18-bpp 

24-bpp  1 18-bpp 

24-bpp 

18-bpp 

R7-1 

R5-1 

Serial  Channel  3 

R7-1 

R5-1 

R6-1 

R4-1 

R6-1 

R4-1 

R5-1 

R3-1 

R5-1 

R3-1 

R4-1 

R2-1 

R4-1 

R2-1 

R3-1 

Rl-1 

R3-1 

Rl-1 

R2-1 

RO-1 

R2-1 

RO-1 

Rl-1 

Rl-1 

RO-1 

RO-1 

G7-1 

G5-1 

Serial  Channel  2 

G7-1 

G5-1 

G6-1 

G4-1 

G6-1 

G4-1 

G5-1 

G3-1 

G5-1 

G3-1 

G4-1 

G2-1 

G4-1 

G2-1 

G3-1 

Gl-1 

G3-1 

Gl-1 

G2-1 

GO-1 

G2-1 

GO-1 

Gl-1 

Gl-1 

GO-1 

GO-1 

B7-1 

B5-1 

Serial  Channel  1 

B7-1 

B5-1 

B6-1 

B4-1 

B6-1 

B4-1 

B5-1 

B3-1 

B5-1 

B3-1 

B4-1 

B2-1 

B4-1 

B2-1 

B3-1 

Bl-1 

B3-1 

Bl-1 

B2-1 

BO-1 

B2-1 

BO-1 

Bl-1 

Bl-1 

BO-1 

BO-1 

R7-2 

R5-2 

Serial  Channel  3 

R7-2 

R5-2 

R6-2 

R4-2 

R6-2 

R4-2 

R5-2 

R3-2 

R5-2 

R3-2 

R4-2 

R2-2 

R4-2 

R2-2 

R3-2 

Rl-2 

R3-2 

Rl-2 

R2-2 

RO-2 

R2-2 

RO-2 

Rl-2 

Rl-2 

RO-2 

RO-2 

G7-2 

G5-2 

Serial  Channel  2 

G7-2 

G5-2 

G6-2 

G4-2 

G6-2 

G4-2 

G5-2 

G3-2 

G5-2 

G3-2 

G4-2 

G2-2 

G4-2 

G2-2 

G3-2 

Gl-2 

G3-2 

Gl-2 

G2-2 

GO-2 

G2-2 

GO-2 

Gl-2 

Gl-2 

GO-2 

GO-2 

B7-2 

B5-2 

Serial  Channel  1 

B7-2 

B5-2 

B6-2 

B4-2 

B6-2 

B4-2 

B5-2 

B3-2 

B5-2 

B3-2 

B4-2 

B2-2 

B4-2 

B2-2 

B3-2 

Bl-2 

B3-2 

Bl-2 

B2-2 

BO-2 

B2-2 

BO-2 

Bl-2 

Bl-2 

BO-2 

BO-2 

Table  6.  PanelLink  Technology  Data  Mappings  for  Color  24-bpp  and  18-bpp  1 -pixel/clock  Input  to  2-pixel/clock 

Output  TFT  FPD  Support 


Transmitter  Input 

Transmission 

Receiver  Output 

TFT 

TFT 

TFT 

l-pixel/clock 

l-pixel/clock 

2-pixel/clock 

24-bpp 

18-bpp 

24-bpp  1 18-bpp 

24-bpp 

18-bpp 

R7 

R5 

Serial  Channel  3 

R7-1 

R5-1 

R6 

R4 

R6-1 

R4-1 

R5 

R3 

R5-1 

R3-1 

R4 

R2 

R4-1 

R2-1 

R3 

R1 

R3-1 

Rl-1 

R2 

RO 

R2-1 

RO-1 

R1 

Rl-1 

RO 

RO-1 

G7 

G5 

Serial  Channel  2 

G7-1 

G5-1 

G6 

G4 

G6-1 

G4-1 

G5 

G3 

G5-1 

G3-1 

G4 

G2 

G4-1 

G2-1 

G3 

G1 

G3-1 

Gl-1 

G2 

GO 

G2-1 

GO-1 

G1 

Gl-1 

GO 

GO-1 

B7 

B5 

Serial  Channel  1 

B7-1 

B5-1 

B6 

B4 

B6-1 

B4-1 

B5 

B3 

B5-1 

B3-1 

B4 

B2 

B4-1 

B2-1 

B3 

B1 

B3-1 

Bl-1 

B2 

BO 

B2-1 

BO-1 

B1 

Bl-1 

BO 

BO-1 

Serial  Channel  3 

R7-2 

R5-2 

R6-2 

R4-2 

R5-2 

R3-2 

R4-2 

R2-2 

R3-2 

Rl-2 

R2-2 

RO-2 

Rl-2 

RO-2 

Serial  Channel  2 

G7-2 

G5-2 

G6-2 

G4-2 

G5-2 

G3-2 

G4-2 

G2-2 

G3-2 

Gl-2 

G2-2 

GO-2 

Gl-2 

GO-2 

Serial  Channel  1 

B7-2 

B5-2 

B6-2 

B4-2 

B5-2 

B3-2 

B4-2 

B2-2 

B3-2 

Bl-2 

B2-2 

BO-2 

Bl-2 

BO-2 

Table  7.  PanelLink  Technology  Data  Mappings  for  Color  24-bpp  and  18-bpp  2-pixel/clock  Input  to  1 -pixel/clock 

Output  TFT  FPD  Support 


Transmitter  Input 

Transmission 

Receiver  Output 

TFT 

TFT 

TFT 

2-pixel/clock 

2-pixel/clock 

1 -pixel/clock 

24-bpp 

18-bpp 

24-bpp  1 18-bpp 

24-bpp 

18-bpp 

R7-1 

R5-1 

Serial  Channel  3 

R7 

R5-1 

R6-1 

R4-1 

R6 

R4-1 

R5-1 

R3-1 

R5 

R3-1 

R4-1 

R2-1 

R4 

R2-1 

R3-1 

Rl-1 

R3 

Rl-1 

R2-1 

RO-1 

R2 

RO-1 

Rl-1 

R1 

RO-1 

RO 

G7-1 

G5-1 

Serial  Channel  2 

G7 

G5-1 

G6-1 

G4-1 

G6 

G4-1 

G5-1 

G3-1 

G5 

G3-1 

G4-1 

G2-1 

G4 

G2-1 

G3-1 

Gl-1 

G3 

Gl-1 

G2-1 

GO-1 

G2 

GO-1 

Gl-1 

G1 

GO-1 

GO 

B7-1 

B5-1 

Serial  Channel  1 

B7 

B5-1 

B6-1 

B4-1 

B6 

B4-1 

B5-1 

B3-1 

B5 

B3-1 

B4-1 

B2-1 

B4 

B2-1 

B3-1 

Bl-1 

B3 

Bl-1 

B2-1 

BO-1 

B2 

BO-1 

Bl-1 

B1 

BO-1 

BO 

R7-2 

R5-2 

Serial  Channel  3 

R6-2 

R4-2 

R5-2 

R3-2 

R4-2 

R2-2 

R3-2 

Rl-2 

R2-2 

RO-2 

Rl-2 

RO-2 

G7-2 

G5-2 

Serial  Channel  2 

G6-2 

G4-2 

G5-2 

G3-2 

G4-2 

G2-2 

G3-2 

Gl-2 

G2-2 

GO-2 

Gl-2 

GO-2 

B7-2 

B5-2 

Serial  Channel  1 

B6-2 

B4-2 

B5-2 

B3-2 

B4-2 

B2-2 

B3-2 

Bl-2 

B2-2 

BO-2 

Bl-2 

BO-2 

Integration 

To  meet  the  demands  of  the  PC  market,  PanelLink  Technology  is  manufactured  using  cost  effective  standard  CMOS  process 
technology.  This  allows  PanelLink  Technology  to  be  easily  integrated  into  FPMA  and  FPD  controllers.  This  integration 
helps  reduce  EMI  by  eliminating  the  wide  high  speed  parallel  data  bus  from  the  FPMA  and  transmitter  as  well  as  from  the 
receiver  to  the  FPD  controller.  Integration  will  also  reduce  cost  by  eliminating  components. 

An  important  benefit  of  integrating  the  receiver  into  the  IPD  controller  is  that  it  can  be  made  “Intelligent”.  More  functions  and 
programmability  can  now  be  implemented  allowing  IPD  manufacturers  to  differentiate  their  panels  with  rich  features.  This  will 
also  reduce  development  cycles  of  the  FPD  manufacturer  of  new  FPDs,  which  will  in  turn  reduce  total  cost. 

In  the  near  future,  some  features  that  could  be  implemented  through  integration  in  an  Intelligent  FPD  controller  are  bi- 
directionality, USB  and  PI 394  interfaces,  precise  gamma  correction,  and  better  display  quality  for  passive  DSTN  and  large  size 
active  TFT  FPDs.  Figure  1 shows  what  the  future  FPD  monitor  could  be  with  an  Intelligent  FPD  controller. 

Digital  Camera  for  Video 
Conferencing 


Keyboard  Mouse 

Figure  1.  Possible  Future  Intelligent  FPD  Monitor 

With  a “Bi-directional  Intelligent  FPD  Interface  Controller”,  the  FPD  monitor  now  becomes  an  intelligent  terminal.  The 
keyboard,  mouse,  speaker,  and  microphone  can  be  connected  via  the  USB  port  of  the  Intelligent  FPD  Interface  Controller. 
Optional  USB  devices  can  also  be  connected  via  an  external  USB  connector.  The  video  camera,  FDD,  and  CD-ROM  can  be 
connected  via  the  PI 394  port  of  the  Intelligent  FPD  Controller.  Optional  PI 394  devices  can  also  be  connected  via  an  external 
PI 394  connector.  The  main  server  is  located  elsewhere  and  connected  via  the  new  bi-directional  high  speed  serial  interface. 
There  is  no  need  for  an  expensive  PC  motherboard  with  CPU,  Memory,  Graphics  controller,  and  HDD.  The  Intelligent  Monitor 
now  becomes  the  true  low  cost  NetPC,  Network  PC,  Web  Browser,  Set-Top  Box,  etc.  of  the  future. 


VESA  TMDS  Applications 

A.  High  Refresh  and  Reduced  Blanking  Support 

From  Tables  1,  2 and  3 above;  it  clearly  shows  that  with  VESA  P&D  TMDS,  the  following  can  be  supported  with  the  current 
specified  operating  frequencies : 


Table  8.  Refresh  Rates  Supported  of  Various  Resolutions  with  VESA  P&D  TMDS  Specified  Frequencies 


Sil 

Part 

# 

VGA 

SVGA 

XGA 

SXGA 

UXGA 

VESA  Timings 

VESA  Timings 

VESA  Timings 

VESA  Timings 

VESA  Timings 

Normal 

CRT 

Timings 

w/  Max. 

Blanking 

Times 

GTE 
Timings 
w/  Min. 
Blanking 
Times 

Normal 

CRT 

Timings 

w/  Max. 

Blanking 

Times 

GTE 
Timings 
w/  Min. 
Blanking 
Times 

Normal 

CRT 

Timings 

VF/Max. 

Blanking 

Times 

GTE 
Timings 
w/  Min. 
Blanking 
Times 

Normal 

CRT 

Timings 

w/  Max. 

Blanking 

Times 

GTE 
Timings 
w/  Min. 
Blanking 
Times 

Normal 

CRT 
Timings 
w/  Max. 
Blanking 
Times 

GTE 
Timings 
w/  Min. 
Blanking 
Times 

100/101 

>80Hz 

>80Hz 

>80Hz 

>80Hz 

<62Hz 

>80Hz 

NA 

NA 

NA 

NA 

140/141 

>80Hz 

>80Hz 

>80Hz 

>80Hz 

<79Hz 

>80Hz 

NA 

<63Hz 

NA 

NA 

150/151 

>80Hz 

>80Hz 

>80Hz 

>80Hz 

> 80Hz 

>80Hz 

<62Hz 

>80Hz 

NA 

<56Hz 

From  Tables  1,  2 and  3 above;  it  clearly  shows  that  with  VESA  P&D  TMDS,  the  following  can  be  supported  with  the  current 
lab  tested  operating  frequencies  ; 


Table  9.  Refresh  Rates  Supported  of  Various  Resolutions  with  VESA  P&D  TMDS  Lab  Tested  Frequencies 


Sil 

Part 

# 

VGA 

SVGA 

XGA 

SXGA 

UXGA 

VESA  Timings 

VESA  Timings 

VESA  Timings 

VESA  Timings 

VESA  Timings 

Normal 

CRT 

Timings 

w/  Max. 

Blanking 

Times 

GTE 
Timings 
w/  Min. 
Blanking 
Times 

Normal 

CRT 

Timings 

w/Max. 

Blanking 

Times 

GTE 
Timings 
w/  Min. 
Blanking 
Times 

Normal 

CRT 

Timings 

w/  Max. 

Blanking 

Times 

GTE 
Timings 
w/  Min. 
Blanking 
Times 

Normal 

CRT 

Timings 

w/  Max. 

Blanking 

Times 

GTE 
Timings 
w/  Min. 
Blanking 
Times 

Normal 

CRT 

Timings 

w/  Max. 

Blanking 

Times 

GTE 
Timings 
w/  Min. 
Blanking 
Times 

100/101 

> 80Hz 

>80Hz 

>80Hz 

>80Hz 

<79Hz 

>80Hz 

NA 

<64Hz 

NA 

NA 

140/141 

> 80Hz 

>80Hz 

>80Hz 

>80Hz 

>80Hz 

>80Hz 

<56Hz 

<75Hz 

NA 

<51Hz 

150/151 

> 80Hz 

>80Hz 

>80Hz 

>80Hz 

>80Hz 

>80Hz 

<76Hz 

>80Hz 

<50Hz 

<68Hz 

The  market  is  already  very  familiar  with  the  fact  that  a higher  refresh  rate  produces  a better  display  on  the  CRT  monitor.  This  is 
due  to  the  characteristic  of  the  CRT.  TFTs  do  not  have  the  same  characteristic  and  a higher  refresh  rate  will  not  necessarily 
produce  a better  display  on  the  TFT  monitor.  But  since  the  market  is  already  very  familiar  with  higher  refresh  rate  producing  a 
better  display,  the  FPD  monitor  manufacturer  must  be  able  to  support  higher  refresh  to  satisfy  the  market.  In  this  way,  the  FPD 
monitor  manufacturer  does  not  have  to  educate  the  market  that  TFT  monitors  require  only  60Hz  refresh,  and  a higher  refresh 
rate  will  not  necessarily  produce  a better  display  like  that  of  CRT  monitors. 

Being  able  to  support  higher  refresh  rate  also  allows  support  for  the  newer  higher  refresh  DSTN  panels.  These  high  refresh 
DSTN  panels  have  been  advertised  as  having  response  times  coming  close  to  that  of  TFT  panels,  so  having  higher  refresh 
support  will  produce  a better  display  on  higher  refresh  DSTN  monitors. 

VESA  P&D  TMDS  allows  FPD  monitor  manufacturers  to  support  a wide  variety  of  FPD  monitors  (VGA  to  UXGA)  with  a 
wide  variety  of  refresh  rates  (with  normal  or  reduced  blanking)  using  a wide  variety  of  FPD  technologies  (TFT,  normal  refresh 
DSTN,  high  refresh  DSTN,  etc.). 


B.  Analog  Multimedia  Accelerator  and  FPD  Projection  Support 

Currently,  the  majority  of  FPD  monitors  are  used  with  existing  Analog  CRT  Multimedia  Accelerators  like  how  CRT  monitors 
are  used  as  shown  in  Figure  2.  This  is  because  there  is  a large  installed  base  of  Analog  CRT  Multimedia  Accelerators  in  the 
market.  This  means  that  the  interface  of  the  FPD  monitor  is  analog  RGB  and  multi-sync  frequency.  Unfortunately,  an  FPD  is 
digital  and  fixed  frequency.  Therefore,  there  must  be  some  kind  of  analog-to-digital  as  well  as  multi-sync  frequency-to-fixed 
frequency  conversion  support.  These  conversion  logic  resides  on  the  FPD  monitor  side  and  is  custom  designed  by  each  FPD 
monitor  manufacturer.  The  display  quality  is  highly  dependent  upon  the  quality  of  the  custom  conversion  logic.  Usually,  the 
better  the  display  the  more  expensive  the  conversion  logic  since  better  quality  chips  are  used.  Figure  4 shows  a block  diagram 
of  what  could  be  on  this  custom  conversion  logic  module.  All  of  these  statements  also  holds  true  for  the  FPD  projector  market. 
Figure  3 shows  a similar  connection  as  in  Figure  2 using  a notebook  computer  and  a digital  FPD  projector. 

If  the  conversion  logic  was  removed  from  the  FPD  monitor  and  placed  on  the  driving  system  side  as  shown  in  Figure  5,  it 
would  offer  tremendous  benefits.  A few  of  the  major  benefits  would  be  (1)  the  FPD  monitor  manufacturer  now  has  to  only 
support  one  interface  - digital  VESA  P&D  TMDS,  to  support  both  analog  and  digital  markets.  (2)  Display  quality  could  be 
improved  by  moving  the  conversion  logic  closer  to  the  source  and  transmitting  the  data  digitally  via  VESA  P&D  TMDS.  (3) 
EMI  could  be  reduced  by  moving  the  high  frequency  conversion  logic  to  the  system  side  where  it  could  be  better  shielded.  (4) 
The  conversion  logic  can  become  an  add-in  card  on  the  driving  system  side.  This  will  drive  down  costs  tremendously  with 
many  add-in  card  manufacturers  offering  this  type  of  conversion  add-in  card.  (5)  All  of  these  benefits  will,  in  the  end,  lower  the 
FPD  monitor  costs  and  open  up  new  markets. 

If,  instead  of  having  the  conversion  logic  on  an  add-in  card,  if  a module  was  implemented  instead,  then  this  conversion  logic 
module  could  be  used  for  the  digital  FPD  projector  market  as  well.  Having  both  an  add-in  card  and  a module  version  of  the 
conversion  logic  would  give  customers  tremendous  choice  allowing  them  to  choose  either  using  their  existing  Analog  CRT 
Multimedia  Accelerator  or  using  a Digital  FPMA.  This  will  allow  FPD  monitor  manufacturers  to  enter  new  markets  with  new 
applications.  This  is  described  more  in  the  following  sections. 
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Figure  2.  Digital  FPD  Monitor  Connection  with  an  Analog  CRT  Multimedia  Accelerator 
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Figure  3.  Digital  FPD  Projector  Connection  with  an  Analog  Multi-Sync  Frequency  RGB  Output  from  a Notebook 
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Figure  4.  Block  Diagram  of  Digital  FPD  Monitor  Connection  w/  Analog  CRT  Multimedia  Accelerator 
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Figure  5.  Block  Diagram  of  Analog-to-Digital  and  Multi-Frequency-to-Fixed  Frequency  Conversion  Logic  Module 
Moved  to  Driving  System  Side  as  an  Add-in  Card  using  VESA  P&D  TMDS 


Figures  6-10  shows  a few  examples  of  some  implementations  of  the  one  digital  VESA  P&D  TMDS  interface  that  supports 
both  Analog  CRT  and  Digital  Flat  Panel  Multimedia  Accelerators. 
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Figure  6.  Digital  VESA  P&D  TMDS  FPD  Monitor  with  an  Analog  CRT  Multimedia  Accelerator 
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Figure  7.  Digital  VESA  P&D  TMDS  FPD  Monitor  with  Digital  Flat  Panel  Multimedia  Accelerator 
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Figure  8.  Digital  VESA  P&D  TMDS  FPD  Monitor  with  Analog  CRT  Multimedia  Accelerator 
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Figure  9.  Digital  FPD  Projector  with  an  Analog  Multi-Sync  Frequency  RGB  Output  with  a Notebook 
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Figure  10.  Digital  FPD  Projector  with  Digital  FPD  RGB  Output  with  a Notebook 


C.  Long  Distance  Copper  Cable  Support 

VESA  P&D  TMDS  can  support  copper  cables  up  to  10m.  If  there  are  some  applications  that  require  further  distance  support, 
then  a simple  TMDS  repeater  can  be  built  every  10m  until  the  desired  distance  is  achieved.  An  example  of  an  application  of  this 
is  Point  of  Sales  (POS).  Figure  1 1 shows  a block  diagram  of  a 20m  distance  support.  Longer  distances  can  be  supported  with 
additional  TMDS  repeaters,  which  could  theoretically  produce  infinite  distance  support. 

Digital  Flat  Panel  Multimedia 


20m 

Figure  1 1 . Block  Diagram  of  TMDS  Repeater  Application  for  Very  Long  Distance  Using  Copper  Cables 

D.  One-to-Manv  Support 

Most  applications  of  FPD  monitors  are  single  unit  applications.  There  are  some  applications  that  require  more  than  a single  unit 
FPD  monitor.  An  example  of  this  could  be  board  conference  room  where  each  person  has  an  individual  FPD  monitor  to  view. 
There  could  also  be  a projection  of  the  image  being  viewed  on  the  individual  FPD  monitors  for  presentations.  Figure  12  shows 
a block  diagram  of  a one  to  4 FPD  monitor  and  1 projection  system. 


TMDS  One-to-Many  Module  P®"®'  Monito's 


Figure  12.  VESA  P&D  TMDS  One-to-Many  Application  using  Copper  Cables 


E.  Fiber-Optic  Support 

VESA  P&D  TMDS  can  support  copper  cables  up  to  10m.  If  there  are  some  applications  that  require  very  long  distance  support, 
then  a fiber-optic  transmitter/receiver  link  can  be  directly  connected  to  TMDS  transmitter/receiver.  No  additional  logic  is 
required  to  interface  TMDS  to  a fiber-optic.  TMDS  has  been  tested  up  to  500m  with  a fiber-optic  link.  This  is  shown  in  Figure 
13.  The  distance  limit  for  a single  fiber-optic  link  is  set  by  the  limitations  of  the  fiber-optic  link  itself.  For  longer  distances,  the 
above  TMDS  repeater  used  in  conjunction  with  a fiber-optic  link  could  theoretically  produce  an  infinite  fiber-optic  distance 
support. 

Digital  Flat  Panel  Multimedia 


Figure  13.  500m  VESA  P&D  TMDS  Fiber-Optic  Application 


With  a fiber-optic  splitter,  the  above  mentioned  concept  of  One-to-Many  FPD  can  also  be  accomplished.  This  is  shown  in 
Figure  14. 


Fiber-Optic  Link  P®"®'  Monitors 


SOOm 

Figure  14.  SOOm  Fiber-Optic  with  VESA  P&D  TMDS  using  Fiber-Optic  Splitter  for  One-to-Many  Application 


F.  Remote  Terminal  with  Shared  and  Separate  Power  Supply  Support 

Some  applications  of  FPD  monitors  use  one  power  supply.  The  power  from  the  computer  system  is  used  to  power  the  FPD 
monitor  as  well  through  the  interconnect  cable.  They  share  one  power  supply.  As  shown  in  Figure  15.  In  this  application,  the 
TMDS  transmitter  is  connected  directly  to  the  TMDS  receiver.  TMDS  allows  the  voltage  margin  to  be  +/-10%  VCC  in  this 
application. 


Desktop  Computer  w/ 


Digital  FPD  Monitor 

Figure  15.  Single  Po\A/er  Supply  for  Both  Computer  and  FPD  Monitor 

In  some  other  applications,  the  FPD  monitor  has  its  own  separate  power  supply  source,  as  shown  in  Figure  16.  The  computer 
and  FPD  monitor  have  separate  power  supplies.  In  this  application,  the  TMDS  transmitter  is  connected  to  the  TMDS  receiver 
via  capacitor-coupling  as  shown  in  Figure  17.  TMDS  allows  the  voltage  margin  to  be  -i-/-10%  VCC  of  the  individual  power 
supplies.  This  translates  into  a total  VCC  margin  of  +1-20%,  as  an  example  +10%  on  the  computer  VCC  and  -10%  on  the  FPD 
monitor  VCC. 
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Figure  16.  Separate  Power  Supplies  for  Computer  and  FPD  Monitor 
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Figure  17.  TMDS  Capacitor  Coupling  for  Separate  Power  Supply  Applications 


Conclusion 

A single,  simple,  scaleable,  logical,  and  standard  interface  that  spans  VGA  to  UXGA  resolutions  and  beyond,  and  supports 
various  FPD  technologies  is  the  ideal  interface  that  will  accelerate  the  FPD  monitor,  notebook,  and  embedded  markets.  This 
interface  that  incorporates  all  of  the  above  mentioned  major  features  - reliable,  scaleable,  and  integrateable  - is  the  interface  of 
choice.  It  is  the  VESA  P&D  standard,  which  is  based  on  the  features  and  architecture  of  PanelLink  Technology  (TMDS).  It 
now  allows  manufacturers  to  design  FPD  systems  with  confidence  knowing  that  the  interface  will  remain  constant  through 
various  technology  and  performance  generations.  It  provides  true  inter-operability  which  will  enable  new  applications  and  wide 
market  acceptance. 


Chips  & Technologies,  Trident  Microsystems,  Cirrus  Logic,  and  LG  have  all  licensed  the  transmitter  to  be  integrated  into  their 
respective  FPMAs.  Silicon  Image  has  integrated  the  receiver  into  the  FPD  controller  to  produce  an  Intelligent  FPD  controller. 

Chips  & Technologies  and  Hyundai  have  signed  on  as  alternate  sources  of  the  discrete  transmitter/receiver  products. 


References : 

1.  VESA  CRT  Monitor  Timing  Specification 

2.  VESA  GTE  Timing  Proposal 

3.  VESA  P&D  Specification  and  FPDI-2  Proposal 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


VESA  FPDI-2  ■ Flat  Panel  Display  Interconnect  Standard 


Highlights  of  the  AMPSlim  Connector  System 

Position  Sizes  20  and  8 for  the  FPDI-2  Standard 


I 

I 


_0 

sz 

D) 

0 

> 

■q 

0 

0 

E 

o 

0 

0 

t 

0 

O 

a! 

tt: 

LU 

05 

0 

ja 

CD 

ro 

0 

0 

0 

□- 

05 

JD 

*0 

o 

D) 

O 

■0 

o 

> 

_j 

O 

d: 

CO 

X 

< 

❖ 

♦> 

❖ 

❖ 

c-  ^ 

s? 

o’  -2 
Oco 

TO 

(O  s 

CD  ^ 
-D  ^ 

2 0) 
(D  O 

S| 


Product  Features  and  Benefits 
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Product  Features  and  Benefits 


CO 

TD 

C 

(0 

♦i* 

CO 

cs 

Q 

o. 

u. 

< 

(O 

ilJ 

> 

o 

£ 


u 

o 

c 

c 

o 

o 


(0 

o 

m 


0) 

§ 

E 

E 

u> 


CO 

Q. 

s 

< 


CO 

d 

D) 

CO 

0 

Q 


■a 

d 

CD 

'd 

O 

N 

‘i_ 

O 

X 


CO 


o 

+-* 

o 

0 


O 

o 


■o 

1. 

CD 

O 

m 


0 


CD 


3 £ 
O O 

x:  0 

.-ii;  d 

> d 

> o 

0 ^ 


o 

0 

CO 

0 


o 

0 


o 

ro  D) 

0 CO 

o ^ 
0 .£ 

.i 

LU 
O jD 

33  0 

O o 

0 O 


■D 

O 

(0 


0 

QQ 


0 
0 

O)  o 

O 


c 

■q 

■D 

0 

cr 

0 


O) 

c 

'0 

0 

0 

O 

o 


a 0 

o f 

Q. 

LI. 


-a 

d 

0 

O) 

0 "T?  ~ 


0 

CL 

d 

O) 

‘0 

0 

Q 

0 

3 


o 

o 

0 

d 

d 

o 

O 


-a 

d 

0 

X 


"D 
D)  0 

0 
■q 
O 
0 
0 
< 
0 


CL 

0 


0 

O)  - 

c 3 £ 


_0 

5-0 

5 

Q.  ^ 

i “ 

O t 

0 .P  fS  — 


0 c 

E E 

0-  o 
■o  iS 
^ Q. 

1 ■D 
^ E 

i5 

*2  ■= 
0 .'S 
o $ 
m 


■D 

0 

G) 

0 

O 

0 

0. 

-O 

d 

0 

O) 


0 

a 

0 

Q. 

-6 

d 

0 

1 

j!*; 


0 

E 

_o 

o 

> 

d 

D) 

X 


c .9 
■q.  Q- 
2^"0 
O 0 

2 S. 

CL  CO 
>•  .C 

0 n) 
0 

LU  X 


o 

>- 


0 

TJ 

0 

0 


0 .2 

Q.  3 

•=  T3 

O’  2 
LU  CL 


d 

O 

.E  ^ 

N 0 

==  o 
^ OQ 


d 

D) 


O 

o 


0 o 
Q P 

^ "2 
0 '(/) 

0 0 
t:  c 
^ O 
CO 


o 

o 

■o  .i= 

^ 0 

CO  « 

^ o 

° o 
rn  O 

0^ 

0 0 
N 0 

1 'I -2 

c O 0 
;=  0 O 
S QC  CD 


0 


c 

S 

X ^ 

0 C 
C ’4= 

o ^ 

■9  O) 

■o  .E 
o o 
X Q 

5 o o 
o -E 


.Q 

« 0 


0 

E 
o d 
0 0 3 
CO 


0 

■o 


CO 

0 

D) 

0 

o. 


Circuit  Board  Illustrations 

AMPSiim  1.25  mm  Wire  to  Board  Connector  for  the  VESA  FPDI-2  Standard 
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Mechanical  Performance  Requirements 

AMPSlim  1.25  mm  Wire  to  Board  Connector  for  the  VESA  FPDI-2  Standard 
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L Performance  Requirements 
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Proposed  AMPSlim  Connector  Pin-out 
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the  TV  and  PC 


PC  Theatre  Interconnect  Vision 
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PC  Theatre  Interface  Proposal  Overview 
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■ Display  must  provide  minimum  support  (On, 
Active-Off),  but  full  support  recommended 

■ Compatibility  with  standard  PCs  and  monitors 
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PC  Theatre  System  with  Minimum  Support 
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Basic  Characteristics  of  the 
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Rigorous  project  and  program  impact  assessment 
underway,  preliminary  results  are  encouraging 

General  competitions  plus  focused  programs 
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Must  involve  two  or  more  for-profit  companies,  both  doing 
research,  and  both  contributing  to  the  match 

JV  administrator  may  be  industry  or  independent  research 
organization 


ATP  Project  Selection  Process 


Project  Selection  Criteria 
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- More  than  100  different  universities  involved 

- More  than  250  instances  of  participation 

Numerous  partnerships  with  NIST  Laboratories 


352  ATP  Awards 

By  Technology  Area 
(As  a percent  of  $1,151  M 


o6 

>s 

o 

c 

LU 


C 

CD 

E 

c 

o 

■> 

c 


oa 

D) 

CO 

C 

CO 

o 

CO 

o 

E 

E 

CD 

CO 

CD 

o 

CD 

o 

x: 

O 

O 

a! 

Thirty  Competitions  (1990-1997^ 


C/) 

0 
-4— « 

"O 

Q_ 

3 

o 

0 

'o 


(/) 

O 

CL 


(/) 

'(/) 

0 

C 

< 

t3 

0 

Q- 

E 


c 

0 


0 


D) 

_C 

0 

0 


0 

0 

£ 

0 

‘o 

o 

CL 

od 

-I—* 

0 

0 

■> 

-4—' 

D) 

C 

< 

0 

CC 

o 

0 

tr 

o 

o 

0 

0 

“0 

3 

’o 

Q- 

C 

0 

C 

□- 

• 

cc 

• 

qI 

• 

< 

• 

< 

• 

3 

O 

0 

0 

_o 

O 

o 

0 


c 

0 

E 

Q_ 

O 

0 

> 

0 

Q 

”0 

0 

o 

CL 

O 


O) 

_c 

^0 

0 

Q 

0 o 

c 

o 


0 

■> 

0 

cc 


0 


o 

0 

0 

CO 


0 

c 

o 

'■4— • 
0 
*■4—' 

o 

O 

0 


0 


ATP  Benefits  (Silber  Survey) 


o 

CO 

0 

CO 

0 


CO 


ID 

0 

0 

0 

0 

O 

O 


0 

"O 

C 

0 

"D 

0 

■+-' 

0 


O 

0 

LL 


"D 

C 

0 


2 o 

g CO  o 

^ O Q 

8|  ^ 

■O  CO  -D 

^ o 

is  D)  0 

13  0 

E ^ O 

■ ■■■■  ■ 

W 00  CO 


CL 

I- 

< 


D) 


CO 

N .b 

1 E 

O ^ 

0 

E >' 

E 

Q ;-E 


D)  "D 


C3) 

O 


O ^ 

■o  ^ 
0 o 

0 T3 

0 3 

O 0 


o 

0 


0 

to 

0 

> 


0 

S 0 

Q. 

E 

o 


"D 
"D 
0 

■D 

0 9 


< i 


> 

o 

Q. 

E 


Discovery  of  new  applications  for  ATP 
technology 

Change  in  corporate  philosophy 
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1394  and  the  VESA 
Home  Network 

Joel  DiGirolamo 

Program  Manager  New  Applications 
Business  Development 
Lexmark  International 


VRK 


VESA  HNW  Goals 

• Interoperability 

■ Any  Device  to  Any  Other  Device 

■ Low  Bandwidth  to  High  Bandwidth 

• Common  Interface  & Protocols  on 
Home  Side  for  Access  Providers 

• Directory  Services 

• Plug  and  Play 

• Provide  Transition  - Analog  to  Digital 

• Connect  “Islands”  of  Technology 


The  Vision 


Country  Search 


State  Search 


City  Search 


Final  Destination 


Access  Control 


QQI  Locate  I 
Search 


I Address 


Help 


User  Devices 


Guest  Devices 


Send  File 


I 

i 

I 

I 

II 

f 

I 


Printer  Management 


I 

I 


I 

I 

I 

I 

I 


Audio  Message 


SEsa 


Applications 

• Appliances  — 'HDTV 


ijSEsa 


Application  Types 

• Home  Automation 

• High  Bandwidth 

• Analog  TV 

• Telephony 

Architecture 

Overview 


VESA  Architecture 


Access 

Network 


Architecture  Features 

• Allows  Separate  Networks  to 
Co-Exist 

■ Keep  Low  Speed  Devices  on  Own  NW 

• All  Devices  on  Home  Network  Can 
Interoperate 

• Compatibility  with  Existing  Networks 


Architecture  Example  #1 


Architecture  Example  #2 


Home 

Network 


Telephone  1 

Telephone  2 

! 

I 

HFO  or  ^ 

Analog  TV  1 

Analog  TV  2 

HDTV1 

HDTV  2 

Computer 

lpn( 


DVCR 


Printer 


Other  Power  Line  Appliances 


Embodiment  #1 


1394  Extensions 

• Need  Long  Distance 

■ Goal  is  100Mbps  at  100  meters 

■ Standard  (1394b) 

• Need  Media  Other  Than  UTP 


Architecture  Detaiis 


II^J] 


Backbone  Network 

• Spans  Whole  House 

• Provides  Sufficient  Quality  of  Service 
for  All  Applications  and  Devices 

• Very  High  Bandwidth 

• Serve  Digital  Clusters  in  Multiple 
Rooms 

• Provide  for  at  Least  2 HDTV  Signals 
Into  a Room 

■ One  TV  with  PIP 

■ Two  TVs 


Component  Network 

• Separate  Network  with  Device 
Specific  Needs 

■ Lower  Cost,  Reduced  Protocol 
Complexity 

• Uses  Network  Device  to  Interface  to 
Home  Network 


Local  Peripheral  NW  (LPN) 

• High  Bandwidth 

• Short  Cable  Runs 

• Hot  Plugging 

• Polarized  Plugs 

• Flexible  Cable 


lg5gii7iTOa 


LPN  Continued 

• Connect: 

■ Advanced  TV  (ATV),  Digital  VCRs  (DVCR) 

■ Camcorders,  Audio  Equipment 

• Asynchronous  & Isochronous  Data 

• Protocols  Same  as  Home  Network 


Access  Devices 

• Connection  to  External  Access 
Network 

■ e.g.  POTS  Modem,  ISDN  Adapter, 
Residential  Gateways 


End  Device 

• Provides  Utility  to  End  User 

• Examples: 

■ Printers,  TVs,  Security  Sensors,  HVAC 


Network  Devices 

• Provide  Network  Services  to  End 
Devices 

• Could  be  a Bridge  or  Repeater 

■ Protocol  and  Address  Translation 


Plain  Old  TV  (POTV) 

• Connect  to  Existing  Analog  Coax 
Network 

• Should  Allow  Same  Services 
Consumers  Get  Now 

■ e.g.  Picture  In  Picture  (PIP) 


Telephony  (Med.  B/W) 

• Uses  Today’s  Twisted  Pair 

• Lower  Bandwidth 

• Keep  Lower  Bandwidth  Devices 
Cheaper 


imisa 


Home  Automation  NW 

• Primarily  Power  Line 

• Control 

■ Appliances,  Thermostats,  Security 
Systems,  etc. 

• Cost  is  Significant  Factor 


Star  Topology 

• Preserve  Bandwidth  on  the  Network 

• Data  May  Be  Isolated  on  Individual 
Segments 


VRK 


Proof  of  Concept 


Proof  of  Concept  Goals 

• Multiple  Simultaneous  Digital  Video 
Streams 

• Multiple  Types  of  Datastreams 

• Multiple  Types  of  Network  Segments 

• Transport  100  Mbps  Over  100  Meters 
is  Goal 


Proof  of  Concept 


Proof  of  Concept  Status 

• Phase  1 Complete 

■ 1394-1995 

■ All  Function  Except  Long  Distance 

• Phase  2 Completion  Fall  1997 

■ Chips  in  Prototype  Stage 


SRK 


Media  Under  Consideration 


• UTP  Category  5 

■ “Proven”  Technology 

■ Emissions  and  Susceptibility  Concerns 

• Plastic  Optical  Fiber 

• Glass  Optical  Fiber 

• Beginning  Wireless  Investigation 


Wail  Outlets 

• Unique  VESA  Home  Network  Connector 

■ Prevents  Inadvertent  Contact  with 
Incompatible  Equipment 

• No  Active  Electronics  in  Wall  Outlet 

■ TIA,  NEC  and  Other  Concerns 

• Most  Likely  Wall  Adapters  to  LPN  or 
Other  In-Room  Network 


^RK 


Common  Internetworking 
Protocol 

• Requirement  to  Connect 
Heterogeneous  Networks 

• Need  Basic  Device  Communications 

■ Transport,  Control,  Management 

• Allows  Network  Devices,  End 
Devices  and  Access  Devices  to 
Communicate 

• Considerations: 

■ Addressing,  Isochronous  Capability, 
NW  Management  and  NW 
Configuration 


Directory  Services 

• Devices  and  Applications  Locate 
Devices  on  the  NW 

■ Access  Services  Entering  RG  Can 
Locate  Devices  in  User’s  Home 

• Plug  and  Play  Capability 

• Locate  Resources  on  Component 
Networks 


\RK 


Security 

• Firewalls  to  Outside  World 

• Data  Security 

■ Copies  of  Movies,  Credit  Card  Numbers 

• Device  Access  Security 

• Work  with  Standards  Groups  Such 
as  CPTWG 


Baisa 


Issues 

• Decompress  at  Final  Destination 

• Channel  Selection  at  Access  Device  or 
Before 

• Must  Support  Upstream  Video 

• Error  Handling  & Conditional  Access  at 
Access  Device 


Issues  Continued 

• Security  at  Access  Device  (RG) 

• Address  Quality  of  Service  & NW 
Scalability 

• Bounded  Jitter  in  Whole  System 

• Seamless  Effect  of  Bus  Reset 


Status 


• IP  Accepted  as  Common  Protocol 

• Addressing  Schemes  Adopted 

• Web  Servers  As  User  Interface 

• Multiple  Device  Classes 

• Compiling  Directory  & Mgmt 
Technologies 


Liaisons 

• TIATR41.5 

• TIATR41.2 

• DAVIC 

• 1394  Trade  Association 

• CEMA(EIA) 

• R4.1 

• CableLabs 

Industry  Participation 

• Consumer 

• Silicon  Chip 

Electronics 

• Home 

• Computer 

Automation 

• Telecomm. 

• Connector 

• Networking 

• Media 

• Cable  TV 
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AMLCD  Manufacturing  Technology  ($50M)  93  - 94  Manufacturing  testbed  (OIS) 

High  Density  AMLCD  Mfg  Technology  ($25M)  94  - 95  Testbed  (Xerox/Standlsh/ATT) 

Defense  Production  Act  Title  III  for  AMLCD  ($30M)  94  - Pres.  Increase  domestic  capacity 
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VII.  Track  II:  Display  Measurement  Workshop 
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Reliable  Flat  Panel  Display  (FPD)  measurements  have  become  a necessity  in  the 
display  industry  for  manufacturers,  system  Integrators  and  researchers.  The 
proliferation  of  standard  methods  for  measurement  is  demanding  efficient,  accurate  and 
repeatable  analysis  of  such  displays. 

In  the  simplest  form,  a suitable  measuring  system  should  have  five  (5)  axis  motion  (for 
‘viewing  angle  dependant  displays’),  an  accurate  light  measuring  device  (LMD)  and 
Display  Under  Test  (DUT)  control.  We  will  discuss  such  systems  along  with  a unique 
approach  that  does  not  use  any  motion  to  perform  multi-angle  measurements. 

Currently  there  are  several  solutions  that  address  most  of  the  identified  needs  to 
characterize  a flat  panel  display.  These  systems  mostly  differ  from  each  other  in  the 
method  they  use  to  gather  the  light  intensity  from  the  display  being  measured. 

The  systems  discussed  here  are: 

Pritchard  Spot  Optics 
Fourier  Optics 
Collimated  Optics 


Pritchard  Spot  Optics 

(Figures  lA  & IB  Below) 

An  advantageous  way  is  to  take  a photometer/colorimeter  and  a spectroradiometer 
having  Pritchard  spot  optics  and  integrate  them  with  a high  precision  five  (5)  axis  motion 
system  that  will  achieve  high  accuracy  and  reproducibility  of  all  light  and  color 
measurements. 

Pritchard  optics  provide  the  means  of  having  a non-ambiguous  alignment  to  the  desired 
area  which  can  be  from  a few  centimeters  in  size  down  to  a sub-pixel  level. 

The  colorimetric  measurements  of  an  FPD  in  an  R&D  environment  are  best  performed 
with  a spectroradiometer  that  is  inherently  more  accurate  than  a filter  colorimeter.  The 
use  of  a spectroradiometer  prevents  the  user  from  having  to  perform  additional 
calibrations  to  characterize  the  shortcomings  of  a filter  colorimeter.  The  advantage  is 
that  a spectroradiometer  is  utilized  to  perform  spectral  analysis  of  the  display  which 
provides  high  accuracy  colorimetric  analysis  that  is  mathematically  derived  from  the 
spectral  data.  Luminance  and  contrast  measurements  typically  require  a system  that 
possesses  enough  sensitivity,  like  a PMT  based  filter  photometer.  Because  of  its  higher 
sensitivity,  a photometer  provides  the  means  to  accurately  measure  the  background  that 
is  found  to  be  at  much  lower  levels  than  images  (or  characters)  on  a display.  It  is  then 
reccommended  that  a combination  of  a spectroradiometer  and  photometer  is  used  in 
high  accuracy  applications. 
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Contrary  to  an  R&D  environment,  in  a manufacturing  environment  a PMT  based  filter 
instrument  is  desirable  as  it  can  serve  the  function  of  a photometer  and  a colorimeter. 

Such  instrument  can  be  calibrated  with  a known  standard  (first  article  display  of  a 
production  run)  to  achieve  the  desired  chromaticity  accuracy  and  its  inherent  sensitivity 
can  be  utilized  for  luminance  and  contrast  measurements.  In  such  application  a single 
instrument  (filter  photometer/colorimeter)  will  meet  the  needs  of  all  measurements. 

The  motion  equipment  utilized  in  these  systems  are  high  precision  motorized  linear  and 
rotary  stages.  These  lend  themselves  for  flexibility  in  mechanical  design  to  accomodate 
different  instruments  and  displays  types.  The  OUT  controlling  of  patterns  and 
characters  can  be  carried  out  using  pattern  generators  or  simply  displaying  canned- 
patterns.  This  can  all  be  performed  from  the  computer  controlling  the  photometer  (and 
spectroradiometer)  and  the  motion  stages. 


Figure  lA  - Pritchard  Optical  System 
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Figure  IB-  Pritchard  Optical  System 
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Collimated  Optics 

(Figure  2 Below) 

The  advantage  that  this  approach  presents  is  that  the  system  can  be  reduced  to  a 
desirable  size  as  simple  lens  and  a fiber  are  used  to  navigate  in  relatively  small  three 
dimensional  space.  These  optics  are  used  to  transfer  the  intensity  to  a single  detector 
or  a spectrometer  for  analysis.  The  geometry  is  determined  by  the  lens  fiber 
combination  and  the  measuring  angle  is  typically  in  the  1°  range. 


The  collection  optics  in  these  systems  are  kept  at  the  goniometer  head  and  its  detectors 
are  coupled  via  the  fiber  optic  to  a stationary  location. 


Typical  configuration  using  collimated  optics. 


Figure  2 - Collimated  Optics  (Courtesy  of  Bruce  Denning) 


The  diameter  of  the  measurement  area  is  controlled  by  the  lens  diameter  Dl  , the 
aperture  angle  Oa  , the  focal  length/  the  diameter  of  the  fiber  Dp , and  the  measurement 
distance  of  as  follows; 


Oa  = 2arctan(DF/2f),  and  Dm  = d/.  + 2dtan(GA/2) 

The  motion  in  these  systems  is  based  on  linear  motion  stages  and  the  angular 
positioning  is  achieved  by  small  angular  motions  of  the  collection  optics  (lens/fiber 
combination). 
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Fourier  Optics 

( Figure  3 ) 

Optical-Fourier  transform  LMDs  simultaneously  capture  data  in  an  up  to  ± 80°  angular 
range  to  perform  the  optical  analysis.  This  means  the  capture  of  multiple  angles  from  a 
single  measurement  using  a two-dimensional  array  as  a detector.  In  such  system  the 
video  photometer  concept  is  utilized  to  take  the  image  collected  by  a high  numerical 
aperture  objective.  This  energy  is  then  focused  at  the  Fourier  plane  crated  at  the  focal 
plane  of  the  objective  which  is  then  optically  relayed  onto  the  array  to  evaluate  the 
intensity  of  each  angle  collected. 

The  first  lens  provides  a Fourier  transform  image  of  the  display  surface.  Every  light 
beam  emitted  from  the  tested  area  with  a 0 incident  angle  will  be  focused  on  the  focal 
plane  at  the  same  azimuth  and  at  a position  x=  F(e).  This  gives  a way  to  quickly 
measure  the  angular  characteristics  of  the  sample  without  any  mechanical  movement. 

Simply,  the  optical  relay  system  scales  the  Fourier  transform  image  of  the  measured 
surface  on  the  CCD  sensor.  The  captured  image  is  used  in  order  to  obtain,  after  a 
suitable  computation,  the  viewing  angle  map  of  the  measured  display.  A system  of  this 
type  will  capture  measuring  areas  of  approximately  1 .5mm  in  size.  Further,  the  system 
must  be  moved  about  the  display  to  analyze  different  areas  of  the  FPD. 


-) 


Figure  3 - Optical  Fourier  Transform  Optics  (Courtesy  ofEldim) 
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The  three  configurations  shown  above  have  their  advantages  as  well  as  disadvantages 
for  each  specific  application.  It  is  suggested  that  the  specifications  and  capabilities  of 
each  system  be  thoroughly  analyzed  for  best  fit  to  your  needs. 


Characterizing  Measuring  Instruments 

These  systems  all  share  one  thing,  and  that  is  that  they  must  comply  with  several 
characteristics  to  be  useful  in  the  characterization  of  displays.  The  CIE  (Commission 
Internationale  De  L’Eclairage  or  International  Commission  on  llluminantion) 
recommends  twelve  parameters  known  as  the  “f-functions”  to  fully  characterize  an  LMD. 
The  VESA  (Video  Electronics  Standards  Association)  FPD  Measurements  Standard 
discusses  these  in  a simpler  format,  but  it  is  reccommended  to  review  the  following  ‘f- 
functions’  to  understand  the  performance  of  light  measuring  devices. 

To  be  practical,  in  the  US  the  Illumination  Engineers  Society  (lES)  recommends  that  at  a 
minimum  f1  through  f5  should  be  performed.  The  f1  error  function  specifies  that  a 
relative  spectral  response  curve  be  provided  with  every  filtered  function  for  which  the 
instrument  is  used.  From  this  data,  it  is  than  possible  to  calculate  how  the  photometer 
will  respond  to  light  sources  other  than  the  illuminant  A (at  2856  Kelvin)  which  is  what  a 
photometer  or  colorimeter  is  typically  calibrated  with  in  the  laboratory. 

The  CIE  recommends  that  if  only  one  error  is  reported,  that  it  should  be  the  fT  error. 
This  error  specifies  to  the  user  the  degree  to  which  the  relative  spectral  responsivity 
matches  the  spectral  standard  observer  function  \/(^)  of  the  human  eye  for  photopic 
vision.  The  calculation  consists  of  comparing  the  systems  integrated  photopic  response 
to  the  CIE  function  normalized  to  the  illuminant  A that  is  used  for  calibration.  The 
f1’  error  is  typically  presented  in  percentage  with  the  best  commercially  available 
illuminance  and  luminance  meters  being  at  2 to  3%. 

Errors  caused  by  an  imperfect  VfX)  matching  can  be  corrected  by  knowing  the 
instrument’s  relative  spectral  responsivity  of  its  filter(s).  The  spectral  power  distribution 
of  the  calibration  source  (2856  Kelvin)  and  the  spectral  power  distribution  of  the  source 
being  measured.  With  the  proper  calculations  the  f1(Z)  error  can  be  derived. 

If  the  spectral  power  distribution  of  the  source  being  measured  is  not  known,  the  CIE 
has  recommended  five  standard  sources  for  determining  the  f1(Z)  errors.  These 
sources  are  a fluorescent,  high  pressure  mercury,  high-pressure  sodium,  metal  halide 
and  rare  earth  metal  halide.  CIE  recommends  that  the  manufacturer  report  the  worst 
error  of  the  five  calculated. 

The  f2  error  function  specifies  the  directional  response  of  a luminance  or  illuminance 
meter.  For  an  illuminance  meter  the  CIE  recommends  characterizing  cosine  response 
(f2),  spherical  response  (f2,o),  cylindrical  response  (f2,2),  and  semi-cylindrical  response 
(fa.zh).  For  luminance  meters  they  recommend  directional  response  (f2(g))  and  effect 
from  surrounding  field  (f2(u)). 
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The  typical  f2  values  for  commercially  available  meters  is  as  follows: 


Illuminance  Meters 

Tvoical  Value 

Cosine  Response 

1.5% 

Spherical  Response  (f2,o) 

10% 

Cylindrical  Response  (f2,z) 

5% 

Semi-Cylindrical  Response  (f2,zh) 

5% 

Luminance  Meters 

Tvoical  Value 

Directional  Response  (f2(g)) 

2% 

Effect  from  Surrounding  field  (faCu)) 

1% 

The  f3  error  function  specifies  the  linearity  error  of  the  instrument.  The  detector  in  an 
instrument  is  usually  linear  only  over  a certain  range  of  input  levels.  Outside  this  range, 
the  instrument  may  be  nonlinear  which  must  be  specified.  The  CIE  recommends  that 
the  largest  error  from  each  range  be  reported.  The  typical  linearity  errors  found  in 
commercially  available  illuminance  and  luminance  meters  is  0.2%. 

These  errors  can  be  calibrated  out  in  the  range  of  interest  by  creating  a correction  table 
as  determined  with  a calibration  source. 

The  f4  error  function  specifies  the  accuracy  of  the  instrument’s  display  both  for  analog 
and  digital  displays.  The  CIE  recommends  that  the  display  error  be  reported.  The 
typical  display  errors  found  in  commercially  available  illuminance  and  luminance  meters 
is  0.2%. 

The  f5  error  function  specifies  the  instrument’s  fatigue  (primarily  in  PMT  based 
instruments),  which  is  the  reversible  temporal  change  in  the  responsivity,  under  constant 
operating  conditions,  caused  by  incident  illumination.  Fatigue  is  characterized  by  a 
single  numerical  value  that  is  presented  in  percentage.  The  fatigue  value  is  derived  by 
calculating  the  ratio  of  the  output  signal  10  seconds  after  the  beginning  of  illumination, 
to  the  output  signal  30  minutes  after  the  beginning  of  illumination  and  presented  as  a 
percentage.  The  test  requires  temporally  stable  illumination  at  a level  close  to  that  used 
in  actual  measurements.  The  typical  fatigue  errors  found  in  commercially  available 
illuminance  and  luminance  meters  is  0.2%. 

The  error  due  to  fatigue  can  be  reduced  by  exposing  the  instrument  for  a short  period  to 
the  level  being  measured.  The  period  can  be  established  by  conducting  the  test  defined 
by  the  f5  error  function  and  determining  when  the  least  change  occurs  due  to  exposure. 

If  the  above  suggested  error  functions  are  not  available  from  the  manufacturer  an 
independent  laboratory  or  the  manufacturer  themselves  should  be  able  to  provide 
services  to  perform  these  tests. 
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It  is  of  paramount  importance  that  the  user  of  a photometer,  colorimeter  or 
spectroradiometer  understands  all  the  possible  errors  that  can  be  accumulated  in  light 
measurement.  Errors  during  set-up,  which  can  include  the  light  source  type,  geometry 
and  all  the  CIE  defined  errors  that  are  inherent  to  the  technology  being  used.  The  proper 
understanding  and  analysis  of  the  instrument  will  result  in  high  quality  displays. 


Types  of  Measurements 

Upon  characterizing  the  instrument,  the  user  should  establish  the  accuracy  for 


performing  the  following  measurements: 

Luminance 

Contrast 

Chromaticity 

Grayscale 

v 

Response  Time 

Uniformity 

V 

Viewing  Angle  Performance 
& 

Reflection 

Note:  Refer  to  the  VESA  “Flat  Panel  Display  Measurement  Standard”  as  it  addresses 
these  Measurements  in  detail. 

Agreement  Between  Measurements 

Finding  the  proper  light  and  color  measuring  system  is  a large  portion  of  a solution  to 
characterize  a display,  but  measurement  correlation  may  be  the  most  important  issue  in 
a business  dealing  with  multiple  vendors  and  technologies. 

There  must  be  a clear  understanding  of  all  the  measurements  that  need  to  be 
performed  and  assure  that  everyone  involved  in  the  process  has  the  same 
understanding. 

The  importance  of  Standards 

Norms  or  Standards  attempt  to  establish  methodology  to  a process  that  can  otherwise 
accumulate  excessive  errors  that  are  costly  if  everyone  uses  their  own  criteria  without 
agreement.  For  this  reason  is  that  discrete  groups  of  experts  have  formed  around  the 
world  to  address  the  needs  of  their  specific  industries.  Manufacturers  are  praising  these 
efforts  as  it  brings  a better  understanding  of  what  their  product  needs  for  each  type  of 
application.  Some  of  the  standards  have  become  more  useful  than  others,  but  the 
dedication  of  each  group  is  immeasurable.  Their  expertise  has  been  made  available  to 
those  that  may  otherwise  would  have  to  experience  mistakes  on  their  own  at  a great 
expense. 
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Some  of  the  more  noted  active  expert  groups  are; 


ISO/ANSI  (International  Standard  Organization)  - The  TC  159/SC4/WG2  group  is  an 
organization  that  is  represented  by  countries  from  all  over  the  world  by  ergonomic, 
metrology  and  video  electronics  experts.  This  organization’s  activities  are  managed  by 
the  ISO  and  they  submit  the  work  developed  for  review  to  every  member  country.  In  the 
US  this  work  is  managed  by  ANSI.  They  meet  bi-annually  and  are  actively  developing 
methods  that  are  relevant  to  visual  perception  vs.  test  methods.  The  ISO  FPD 
standards  (Ergonomic  Requirements  For  The  Use  Of  Flat  Panel  Displays,  ISO  13406-1 
&-2)  are  currently  being  reviewed  by  the  ISO  SC4  Secretariat  and  it  is  estimated  that 
standards  will  be  released  for  public  use  at  the  beginning  of  1 998. 


SAE  (Society  of  Automotive  Engineers)  - is  a group  of  experts  from  the  aerospace 
industry  in  the  United  States  that  have  placed  emphasis  on  the  procurement  of  FPDs  for 
aircraft  applications.  SAE’s  standards  address  both  design  criteria  and  measurement 
procedures  in  two  separate  documents.  These  are  SAE  ARP4260  (Measurement 
Procedures)  and  ARP4256  (Design  Criteria),  have  been  recently  completed. 


VESA  - Flat  Panel  Display  Measurements  Standards  Working  Group  has  put  the  most 
comprehensive  measuring  standard  available  for  FPDs.  Computer  manufacturers  and 
integrators  have  a discrete  concern  and  it  is  to  develop  product  with  the  high  image 
quality  that  a computer  user  needs  for  extended  use  of  displays.  Having  sat  in 
numerous  standards  committees  it  is  very  evident  to  me  that  the  FPD  Measurements 
Standard  is  the  most  useful  tool  to  date. 

Others  - The  ARMY  in  the  US  has  always  given  priority  to  the  studies  of  visual 
ergonomics  and  they  have  ongoing  efforts  with  the  above  mentioned  committees  a well 
as  doing  their  own  research. 


Conclusion 

Priority  must  be  given  by  manufacturers  and  integrators  to  adopt  a suitable  standard 
that  meets  their  needs  in  a practical  manner.  Analyze  your  needs  to  find  the  proper 
instrument  and  clearly  understand  the  standards  that  you  and  your  vendors  are  trying  to 
comply  with  for  design  and  measurements. 

Additionally,  we  must  remember  that  without  the  contribution  and  efforts  made 
companies  and  their  employees  we  would  not  be  able  to  develop  standards  like 
the  VESA  FPDM.  The  efforts  being  lead  by  the  NIST  FPD  Laboratory.  Their 
efforts  are  filling  a gap  that  has  cost  industry  large  amounts  of  revenue  in  the 
past. 
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CIE  (x,y)  Plot  of  Test  Colors  for  Two  VDUs 
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APPROACH:  ADAPTIVE  COLOR  TEST 
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Daylight  Eigenvectors  that  Matches 
White  (Either  Standard  or  Test) 


OFF-LINE  PROCESSING 
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Step  3.  Select  digital  colors  so  measured  values  match  target.  Use  white  point 
XnR.  Criterion:  Ae  < 3 


VERIFY  COLORS  ON  TEST-VDU 


H 

c 

X 


o 

Ql, 

o 


Q 

> 

I 

GO 

(D 

4—' 

(D 

Vh 

p 

CO 

cd 

QJ 


413 


C-) 

"t:5 

o 

(D 

a 

P 

CO 

(D 

> 

> 

P 

P 

w 


a 

a> 


U 

-i—i 

o 

bO 

4— » 

O 

-*—> 

a 

o 

U 

a 

a> 


CO 

O 

4-» 

o 

■ (U 

> 

(D 

bO 

<u 

't— i 

44 

bO 

cd 

O 


H 

X 


cJ  < 

r-;  H 

CJ  ^ 
44  X 

li 

H 

CO  c 

P X 

CJ 

O ^ 
O ^ 

Pw  cb 


o 

U P 


cn 


(N 


PQ 


ffl 

E 

rCl 

(N[XI 

II 

t- 

4— » 

CD 

bX) 

cb 

4— i 

CJ 

4— » 

P 

P4 

s 

O 

u 


o 


c 

X 


O 

pH 

CJ 

4— > 

• 

44 

bX) 

P 

• 

CO 

P 

> 

w 


;-H 

(D 

> 

P 

O 

U 


r^  4— > 


CO 

CJ 

P 


O 

Ph 


GO  ^ 


P 
> CJ 

4— > 

^ 

P 44 

.44  ^ 

• ■p-H  bX) 

"P  P 

nzi  CO 

4 ^ 

P 

"w 

P H-( 

•44  U 


CJ 

o 

• i-H  }__j 

> CJ 
CJ  > 

"p  p 

^ o 

CO  O 

> H 

• 1— H ^ 

QX 

• a 

^ p 

04  ^ 

CJ  dJ 
.,f4 

CO  P 


CO 

"o 

o 

TJ 

CJ 

P 

CO 

p 

CJ 

a 

p 

p 

4— > 

CJ 

bX) 

;-( 

P 

4— » 

P 

CJ 

CJ 

4— > 

CJ 

P 

< 

QJ  O 

4-4  T— H 

§.  V 

B w 

P <] 

i-*.2 

^ 'G 

iyj  U 


COMPARISON  WITH  PROPOSED  SMPTE 

STANDARD  303M 
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--  SMPTE  uses  24  reflectances  (including  highly  chromatic 
ones),  not  tuned  to  testing  digital  protocols. 
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Measurement  Equipment 

...  a wide  variety  of  manufacturers  . . . 
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Panel  Discussions 


Bob  Myers  of  Hewlett-Packard  served  as  the  moderator.  Panel  members: 
Mitch  Halpem,  SRI  Consulting 
Mark  Kirstein,  In-Stat 
John  Frederick,  Compaq 
Hans  van  der  Ven,  Panasonic 
Ian  Miller,  IBM 

Bob  Myers  opened  the  discussion  by  stating  that  the  objective  was  to  find 
out  where  the  group  thinks  things  should  be  headed,  particularly  with  respect 
to  what  VESA  should  do  in  the  future,  and  what  NIST  can  do  in  the  future. 

Q:  How  much  longer  will  the  CRT  be  with  us,  and  will  it  go  to  a digital 
interface? 

A:  The  CRT  has  always  been  good  for  "another  5-10  years".  It's  hard  to  get 
other  displays  within  1.5  times  the  cost.  Plasma  panels  for  TV  in  the  home 
will  come,  but  the  CRT  has  a terrific  cost  advantage.  The  CRT  needs  the 
digital  interface.  A coining  issue  is  DTV  type,  or  1394  type  transmission 
throughout  the  house. 

A:  Agree  - don't  expect  CRTs  to  go  away  any  time  soon. 

Q:  Which  digital  interface  to  run  through  the  home? 

A:  1394  is  starting  to  show  up  in  boxes  in  the  home. 

Q:  Is  there  a "window  of  opportunity"  for  competitors  to  the  LCD? 

A:  LCDs  aren't  going  to  be  eliminated,  but  some  applications  are  better 
served  by  alternative  architectures,  which  may  succeed  if  they  hit  the 
window  of  opportunity  before  LCDs  become  entrenched  in  those 
applications. 

Q:  What  role  can  the  government  play  in  standards  and  technical 
development? 

A:  The  government  has  played  a major  role  in  HDTV,  DTV.  There  needs  to 
be  a balance  between  dictating  and  complete  freedom.  One  issue  is  whether 
real  HDTV  will  be  broadcast,  or  whether  the  channels  will  be  used  for  a lot 
of  low-resolution  signals.  NIST  has  done  a good  job  of  bringing  together 
interface,  and  measurements  on  flat  panels. 


A:  Interoperability  is  a big  issue.  The  government  can  focus  on  alternative 
technologies  with  reasonable  market  niches,  possibly  projection,  FED, 
plasma,  organic  EL. 

A:  We  are  approaching  having  three  incompatible  HDTV  standards  in  the 
world  - it  would  provide  a most  useful  benefit  for  the  governments  to  get 
together,  and  agree  on  some  level  of  commonality. 

A:  Agree  - closer  government  involvement  in  HDTV  standards  would  be 
much  appreciated. 

Q:  What  about  3D  goggles? 

A:  They  are  expensive  at  the  moment,  people  are  looking  at  them  for  arcade 
games.  The  possible  risk  of  visual  problems  due  to  discrepancies  between 
accommodation  and  vergence  needs  to  be  addressed. 


Q:  Will  CRT  manufacturers  go  to  the  VESA  P&D  interface,  or  will  they  fall 
back  to  the  VESA  EVC  interface? 

A:  Support  of  the  digital  video  interface  will  be  a key  selling  factor. 

A:  Agree  - the  fact  that  there  will  be  a mix  of  displays  is  a very  good 
argument  for  P&D.  Within  three  years,  as  many  as  15%  of  PC  monitors  will 
be  LCDs. 

A:  Small  screen  CRTs  with  traditional  VGA  interface  will  last  for  a while, 
but  as  the  market  standardizes  there  will  be  an  increasing  switch  over  to 
EVC  and  P&D  - they  will  tolerate  a much  higher  bandwidth  before  EMI 
problems  appear. 

A:  An  advantage  of  P&D  for  an  LCD  monitor  is  that  it  makes  it  very  easy  to 
attach  the  LCD  to  the  computer. 

Q:  Current  LCD  panels  have  a limited  color  capabihty.  When  will  we  see 
good  LCD  colors? 

A:  The  tradeoff  for  color  is  power  for  the  backlight  - more  saturated  colors 
need  more  power  for  the  backlight  to  produce  a given  level  of  luminance. 
Most  LCDs  have  been  optimized  for  portable  applications,  where  power  is  at 
a premium.  Within  the  last  eight  months  there  has  been  recognition  that 
monitor  LCDs  with  better  color  can  represent  a significant  market.  Within 
the  next  eight  or  nine  months,  expect  flat  panel  displays  that  seriously  rival 
the  color  of  CRTs. 

Q:  It  has  been  suggested  that  the  government  should  be  more  aggressive  in 
setting  standards  - the  issue  is  when  should  a standard  be  set?  You  don't 
want  to  set  it  too  early. 


A.  The  government  should  be  buying  more  market  research. 

A:  In  Europe,  the  government  went  along  the  analog  HDTV  path  for  a long 
time  before  abandoning  it. 

A;  Setting  a standard  before  the  technology  is  practical  is  a mistake  - it 
should  be  sometime  nearer  when  the  technology  is  ready  for 
commercialization. 

Q:  What  will  be  the  dominant  display  technology  for  the  automotive  market? 
A:  It's  a matter  of  timing.  FED  and  organic  EL  have  potential,  but  LCD  may 
adapt  itself  to  this  market. 

A:  See  a paper  by  Ford  from  the  SID  conference  last  year  - it  projects  the 
roles  of  TFT  LCD  and  FED. 

Q:  Are  there  any  other  niche  markets  not  well  served  by  current 
technologies? 

A:  Gas  plasma,  small  LCD,  micromirror,  micromachined  diffraction 
gratings.  Micro-  or  mini-displays  may  be  a market  for  other  technologies. 


Proposals  for  Future  Development 


[In  this  section,  attendees  voiced  their  comments,  which  were  discussed  and 
recorded.] 

- Don't  assume  you  know  what  the  user  is  going  to  buy. 

- There  is  a need  for  standards  on  security  issues. 

- There  is  a role  for  VESA  and  other  standards  bodies  as  an  enabler. 

- Is  the  rate  of  VESA  standardization  too  slow,  too  fast,  or  just  right?  Are 
standards  getting  out  in  a timely  manner? 

- The  lunchtime  tour  of  NIST  included  speculation  on  different  partitioning 
between  the  host  and  the  display  - what  will  the  software  issues  be,  and  are 
standards  needed  for  a smart  display? 

- In  addition  to  new  technology,  VESA  can  document  things  that  have 
already  been  done  - specification  of  VGA  was  a good  example. 

- Perhaps  there  could  be  standards  for  embedded  systems  and  niche 
applications. 

- PICMG  (PCI  Industrial  Computer  Manufacturers  Group)  is  working  on 
embedded  computing  in  general  (PCI  bus),  not  specifically  directed  toward 
displays. 

- Perhaps  could  work  with  PICMG  on  embedded  display  standards. 

- Standards  on  color  definition? 

- Standards  on  "goodness"?  (Should  there  be  a standard,  or  is  that  what 
differentiates  products?) 

- More  mechanical  standards?  (Needed  for  true  interoperability.) 

(Example:  mounting  standards.) 

- Measurement  standards  for  projection,  head  mounted,  head  up, 
stereoscopic,  possibly  CRT  displays. 

- Fast  track  standards,  submitted  through  ISO. 

- Need  improved  marketing  of  standards. 

- Method  for  certifying  compliance  to  VESA  standards? 

- Put  tolerances  in  specifications. 

- Request  NIST  involvement  in  compliance  certification? 

- Look  into  VESA  stamp  of  approval. 


Closing  Remarks 


Bob  Myers  of  Hewlett-Packard  gave  the  closing  remarks,  including  the 
following: 

- One  thing  about  predicting  the  future  of  technology  is  that  you  can  be  sure 
you're  wrong. 

- Ideally,  a standard  should  be  completely  transparent  to  the  user  - no 
wading  through  the  user's  manual.  We're  not  there  yet. 

- The  PC  has  become  ubiquitous,  but  it  is  not  yet  an  appliance.  The 
difference:  you  don't  teach  classes  in  how  to  run  a washing  machine. 

- The  CRT  is  not  the  only  game  in  town.  LCDs  and  other  technologies  are 
coming  - we  have  to  make  sure  they  are  convenient  to  use  as  CRTs,  by 
creating  standards  that  makes  this  possible.  The  P&D  standard  is  a good 
example  - the  PC  Theatre  Committee  is  going  to  try  to  meet  this  need  as 
well. 

- The  display  isn't  just  a box  any  more  - what  if  it's  a projector,  or  glasses,  or 
something  that  acts  a lot  more  like  a newspaper  or  a book  than  a television 
set? 

- We  do  need  standards  - they  make  flexibility  of  use  possible. 

- VESA  will  continue  to  have  a very  vital  role  in  the  industry.  We  invite  you 
all  to  participate. 


